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pescription 

METHODS FOR PRODUCING ACYLOXYACYL HYDROLASE 

5 Technical Field 

The present invention relates to DNA sequences 
encoding acyloxyacyl hydrolase, DNA constructs capable of 
directing the expression of acyloxyacyl hydrolase and 
methods for producing acyloxyacyl hydrolase. 

10 

Background of the Invention 

Gram-negative septicemia, the clinical 
consequence of gram-negative bacterial invasion into the 
blood stream or tissue, occurs at a frequency of between 

15 71,000 and 300,000 cases annually in the United States. 
Approximately forty percent of septicemia cases are 
associated with septic shock, a serious and rapidly 
developing complication of septicemia. Sepric shock is 
characterized by hypotension, oliguria, coagulation 

20 defects, respiratory failure,* and death. 

The complex array of inflammatory responses in 
animals elicited by gram-negative bacteria is believed to 
be provoked by lipopolysaccharides (LPS) present in the 
outer membranes of these bacteria- Typically, an LPS 

25 molecule consists of an 0 polysaccharide, an R-core 

oligosaccharide, and lipid A. The structure df lipid A is 
highly conserved across a wide range of bacterial genera 
and is generally believed to be responsible for most of 
the biological activities of LPS. LPS is believed to 

30 provoke a number of both toxic and beneficial inflammatory 
responses and is believed to be responsible for the 
interaction of bacteria with target cells, which include 
macrophages, neutrophils and endothelial cells. While the 
toxic responses include hypotension, coagulation 

35 disturbances and death, beneficial responses include 

enhanced antibody synthesis, mobilization of phagocytes 
and acute phase protein synthesis. 
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Presently, there are no vaccines to immunize at- 
risk populations against septicemia. Current treatment of 
septicemia relies heavily on early diagnosis followed by 
antibiotic therapy. Septic shock patients are treated 
5 symptomatically with concurrent antibiotic therapy because 
of the rapid onset and severity of the symptoms associated 
with gram-negative septicemia. Current treatments consist 
of first administering a best guess antibiotic followed by 
identification through blood cultures and adjustment of 

10 antibiotic treatment; however, such a treatment regime 

does not inactivate the LPS which continue to induce their 
toxic effects. 

Immunotherapy has been suggested as a treatment 
for gram-negative septicemia. Ziegler et al. ( New Eng. J. 

15 Med. 307 : 1225-1230, 1982) conducted a randomized, 

controlled trial using human anti-core LPS antiserum which 
demonstrated that immune serum reduced bacteremic 
mortality. The use of a human polyclonal antisera has 
significant drawbacks. In addition, the standardization 

20 of such preparations is difficult and there is the risk of 
transmitting viral infections such as HIV or hepatitis. 
Preparations of monoclonal antibodies have been used to 
treat septicemia, but the efficacy of such treatment is 
not undisputed. 

25 Neutrophils have been shown to contain an 

enzyme, acyloxyacyl hydrolase (AOAH) f that partially 
deacylates the lipid A portion of Salmonella tvphimurium 
LPS by removing secondary fatty acyl chains (Hall and 
Munford, Proc. Natl. Acad. Sci. USA 80: 6671-6675, 1983). 

30 AOAH has been shown to contain two disul fide-linked 

subunits with apparent molecular weights of 50,000 and 
between 14,000-20,000 (Munford and Hall, J. Biol. Chem. 
264 : 15613-15619, 1989). The large subunir has been shown 
to be glycosylated. Munford and Hall ( Science 234 : 203- 

35 205, 1986) showed that when rabbits were injected 

intradermally with AOAH-treated LPS, and subsequently 
challenged with an intravenous injection of untreated LPS 
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there was little or no hemorrhagic necrosis of the skin at 
the intradermal injection site. In contrast, rabbits that 
were initially injected with untreated LPS exhibited 
necrosis. AOAH-treated LPS, while reducing the LPS 
5 toxicity 100-fold, was found to reduce stimulation of 
mitogenesis of ^-lymphocytes by only a factor of 12. 
Munford and Hall (U.S. Patent No. 4,929,604) have 
suggested that AOAH may be useful in treating/preventing 
septic shock caused by gram-negative bacteria. 

10 The purification of AOAH from neutrophils as 

reported by Munford and Hall ( J. Biol. Cheru . ibid.) has a 
number of disadvantages. Although AOAH has been purified 
from a cultured human premyelocytic cell line, HL-60, and 
peripheral blood monocytes and neutrophils, it is only a 

15 trace protein, accounting for less than 0.001% of the 
protein in cell lysate. The purification method is a 
labor intensive, multi-step protocol that does not lend 
itself to commercial scale-up. A preparation of 9.5 pg of 
AOAH, accounting for 7.8% of the original activity, was 

20 purified from approximately SxlO 11 cells grown in 150 
liters of media over a period of 2 months (Munford and 
Hall, ibid.). In addition, not all HL-60 cell lines are 
inducible to produce AOAH and AOAH specific activity 
fluctuates 2-3 fold as the cells are passaged. 

25 Purification of AOAH from peripheral blood neutrophils and 
monocytes has the risk of co-purifying infective agents 
such as the hepatitis viruses, HIV-l and other viral 
agents, and the availability of large amounts of blood is 
not always assured. 

30 There is therefore a need in the art for a 

method of producing relatively large amounts of pure 
preparations of AOAH, which would be useful as, inter 
alia , a therapeutic agent in the treatment cf septic shock 
and for producing LPS vaccines. The present invention 

35 fulfills these and other related needs through the use of 
recombinant DNA technology, thus eliminating the problem 
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of viral contamination and providing commercially feasible 
quantities of biologically active recombinant AO AH. 

Summary of the Invention 
5 Briefly stated, the present invention discloses 

isolated DNA sequences encoding acyloxyacyl hydrolase 
(AOAH) . In one embodiment of the invention, the DNA 
sequence is a cOKA sequence. Certain embodiments of the 
invention disclose representative DNA sequences encoding 

10 AOAH including the DNA sequence which comprises the 

sequence from nucleotide 354 to nucleotide 1976 of either 
Figures 1 or 2, the DNA sequence of Figure 3 from 
nucleotide 389 to nucleotide 389 to nucleotide 2011 or the 
DNA sequence of Figure 4 from nucleotide 120 to nucleotide 

15 1742- Within other embodiments of the invention, 

representative DNA sequences encoding AOAH encodes the 
amino acid sequence from Leucine, number 35 to Histidine, 
number 575 of Figures 1, 2, 3 or 4, In another embodiment 
of the invention, the DNA sequence further codes for the 

20 amino acid sequence (R^) n~ R 2~ R 3" R 4 1 wherein R^, R2/ R3 and 
R4 are lysine (lys) or arginine (arg) and n is a integer 
between 0 and 4. 

In yet another embodiment of the invention, DNA 
sequences encode the small subunit of AOAH. In certain 

25 aspects the DNA sequences encoding the small subunit of 
AOAH may be encoded by the DNA sequence from nucleotide 
354 to nucleotide 719 of Figures 1 or 2, the DNA sequence 
of Figure 3 from nucleotide 389 to nucleotide 754 or the 
DNA sequence of Figure 4 from nucleotide 120 to nucleotide 

30 485. Within other embodiments, a DNA sequence encoding 
the small subunit of AOAH may encode the amino acid 
sequence from Leucine, number 35 to Arginine, number 154 
of Figures 1, 2, 3 or 4. 

Other embodiments of the invention relate to DNA 

35 sequences encoding the large subunit of AOAH, In certain 
embodiments of the invention, the large subunit of AOAH 
may be encoded by the DNA sequence from nucleotide 720 to 
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nucleotide 1976 of Figures 1 or 2, the DNA sequence of 
Figure 3 from nucleotide 755 to nucleotide 2011 or the DNA 
sequence of Figure 4 from nucleotide 486 to nucleotide 
1742. Other embodiments of the invention disclose a DNA 
5 sequence encoding the large subunit of AOAH comprising the 
amino acid sequence from Serine, number 157 to Histidine, 
number 575 of Figures 1, 2, 3 or 4 . 

In certain embodiments of the invention, DNA 
constructs containing information necessary to direct the 

10 expression of AOAH are disclosed. In one aspect of the 
invention, DNA sequences encoding secretory signal 
peptides are included in the DNA constructs. In certain 
preferred embodiments, the signal peptides are the amino 
acid sequences Met-Glu-Ser-Pro-Trp-Lys-Ile-Leu-Thr-Val- 

15 Ala-Pro-Leu-Phe-Leu-Leu-Leu-Ser-Pro-Gly-Ala-Trp-Ala-Ser- 
Pro-Ala-Asn-Asp-Asp-Gln-Ser-Arg-Pro-Ser or Met-Glu-Ser- 
Pro»Trp-Lys-Ile-Leu-Thr-Val-Ala-Pro-Leu-Phe-Leu-Leu-Leu- 
Ser-Pro-Gly-Ala-Trp-Ala . 

Within one embodiment of the invention, 

20 eukaryotic host cells containing DNA constructs containing 
information necessary for the expression of AOAH are 
disclosed. In another embodiment of the invention, 
eukaryotic host cells are transformed or transfected with 
a first DNA construct containing the information necessary 

25 to direct the expression of the large subunit of AOAH and 
a second DNA construct containing the information 
necessary to direct the expression of the small subunit of 
AOAH. Within certain preferred embodiments, the 
eukaryotic host cells are cultured mammalian cells or 

30 yeast cells. 

In yet another embodiment of the invention, 
methods are described for producing the AOAH using the 
eukaryotic host cells transformed or transfected with DNA 
constructs containing the information necessary to direct 

35 the expression of AOAH or with a first DNA construct 
containing the information necessary tc direct the 
expression of the large subunit of AOAH and a second DNA 
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construct containing the information necessary to direct 
the expression of the small subunit of AO AH. Eukaryotic 
cells so transformed or transfected are then cultured 
under conditions conducive to expression of the AO AH, 
5 which is then isolated from the cells or culture. 

Brief Description of the Drawings 

Figure 1 illustrates the nucleotide sequence and 
deduced amino acid sequence of a representative sequence 
10 encoding AO AH, the C/26 AOAH cDNA. The small arrow 

denotes the putative start of the small subunit. The 
large arrow denotes the putative start of the large 
subunit . 

Figure 2 illustrates the nucleotide sequence and 
15 deduced amino acid sequence of a representative sequence 

encoding AOAH, the 4-33 AOAH cDNA. Symbols used are as in 
Figure 1. 

Figure 3 illustrates the consensus AOAH 
nucleotide sequence and deduced amino acid sequence. 
20 Symbols used are as in Figure 1. 

Figure 4 illustrates the nucleotide sequence and 
deduced amino acid sequence of the A0AH1 cDNA. Symbols 
used are as in Figure 1. 

Figure 5 illustrates the construction of plasmid 
25 pVEG. Symbols used are T7 pro, the T7 promoter; Tl and 
T2, synthetic and native T7 terminators, respectively; 
M13, M13 intergenic region. 

Figure 6 illustrates the construction of plasmid 
pVEG'. Symbols used are as in Figure 5 and parentheses 
30 indicate a restriction site destroyed in vector 
construct ion . 

Figure 7 illustrates the construction of plasmid 
pVEGT'. Symbols used are as in Figure 1 and pA, the 
Aspergillus niaer polyadenylation sequence. 
35 Figures 8 and 9 illustrate the construction of 

plasmids VAPDxR and pDVEG ' , respectively. Symbols used 
are ori, the adenovirus 5 0-1 map unit sequence; E, the 
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SV40 enhancer; MLP, the adenovirus 2 major late promoter; 
Ll-3, the adenovirus 2 tripartite leader; SS, a set of RNA 
splice 6ites, and pA, the SV40 polyadenylation sequence. 
Figure 10, illustrates the construction of 
5 plasmid pRS431. Symbols used are SV4 0 prom-, SV40 

promoter; DHFR, the dihydrofolate reductase gene; SV40 
term., SV40 polyadenylation sequence; MT-1, 
metallothionein-1 promoter; 4-33 AOAH cDNA, a fragment 
derived from the 4-33 AOAH cDNA clone; AOAH1 cDNA, the 
10 AOAH1 CDNA. 

Detailed Decription of the Invention 

Prior to setting forth the invention, it may be 
helpful to an understanding thereof to set forth 

15 definitions of certain terms to be used hereinafter. 

DNA construct: A DNA molecule, cr a clone of 
such a molecule, which has been constructed through human 
intervention to contain sequences arranged in a way that 
would not otherwise occur in nature. 

20 Secretory Signal Sequence: A DNA sequence 

encoding a secretory peptide. A secretory peptide is an 
amino acid sequence that-acts to direct the secretion of a 
mature polypeptide or protein from a cell. Secretory 
peptides are characterized by a core of hydrophobic amino 

25 acids and are typically (but not exclusively) found at the 
amino termini of newly synthesized proteins. Very often 
the secretory peptide is cleaved from the mature protein 
during secretion. Processing sites may be encoded within 
the secretory peptide or may be added to the secretory 

30 peptide by, for example, in vitro mutagenesis or ligation 
of a linker sequence. Certain secretory peptides may be 
used in concert to direct the secretion cf polypeptides 
and proteins. One such secretory peptide that may be used 
in combination with other secretory peptides is the third 

35 domain of the yeast Barrier protease. As used herein, the 
term "secretory peptide" includes at least a functional 
portion of a naturally occurring secretory peptide. 
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Secretory peptides may or may not include a pro 
peptide. In general, pro peptides facilitate post- 
translational modifications of the proteins or target a 
protein to a particular organelle. As used herein, the 
5 secretory pathway is understood to include the transport 
pathway of proteins into lysosomes and vacuoles, the 
transport pathway of proteins into the periplastic space 
and the export pathway of proteins into the medium. 

Expression Vector: A DNA construct containing 

10 elements which direct the transcription and translation of 
DNA sequence encoding polypeptides of interest. Such 
elements include promoters, enhancers, transcription 
terminators and polyadenylation signals. By virtue of the 
inclusion of these elements within DNA constructs, the 

15 resulting expression vectors contain the information 

necessary to direct the expression and/or secretion of the 
encoded polypeptides. Expression vectors further contain 
genetic information that provides for their replication in 
a host cell, either by autonomous replication or by 

20 integration into the host genome. Examples of expression 
vectors commonly used for recombinant DNA are plasmids and 
certain viruses, although they may contain elements of 
both. They also may include one or more selectable 
markers. 

25 Transfection or transformation: The process 

of stably and hereditably altering the genotype of a 
recipient cell or microorganism by the introduction of 
purified DNA. This is typically detected by a change in 
the phenotype of the recipient organism. The term 

30 "transformation" is generally applied to microorganisms, 
while "transfection" is generally used to describe this 
process in cells derived from multicellular organisms. 

Cultured cell: A cell capable of being grown in 
liquid or solid media over a number of generations. In 

35 the case of cells derived from multicellular organisms, a 
cultured cell is a cell isolated from the organism as a 
single cell, a tissue, or a portion of a tissue. 
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As noted above, AOAH is a disul fide-linked dimer 
composed of a large subunit of approximately 50 kD and a 
small subunit of between 14 and 20 kD- As disclosed as 
5 part of the present invention, AOAH is encoded by a single 
gene. AOAH is a trace protein making current AOAH 
purification procedures time consuming and expensive. 
(Munford and Hall, J. Biol. Chem. ibid., suggest that 
there are approximately 2,500 molecules per cell.) AOAH 
10 removes secondary fatty acyl chains that are linked to the 
hydroxy 1 groups of the 3-hydroxytetradecanoyl residues of 
lipid A. 

The present invention discloses representative 
DNA and amino acid sequences encoding AOAH . Sequences 

15 encoding AOAH include those sequences resulting in minor 
variations in amino acid sequence, such as those due to 
genetic polymorphism, differences between species, and 
those in which blocks of amino acids have been added, 
deleted or replaced without substantially altering the 

20 biological activity of the proteins. 

In other instances one may employ such changes 
in the sequence of recombinant AOAH to substantially 
decrease or even increase the biological activity of AOAH, 
depending on the intended use of the preparation. The 

25 term "biological activity" means the ability to remove 
secondary fatty acyl groups from LPS . The biological 
activity of AOAH may be assayed by, for example, measuring 
the hydrolysis of tritiated-f atty acids fror. 3 H-acyl, 14 C- 
glucosamine-labeled LPS as described by U.S. Patent No. 

30 4,929,604, which is incorporated herein by reference. 
Changes in the AOAH coding sequence will result in a 
polypeptide sufficiently duplicative as to retain the 
biological activity of native AOAH. 

Based on the deduced amino acid sequence of the 

35 small AOAH subunit, partial homology was found between the 
small subunit and sphingolipid activator protein (SAP) 
precursor. SAPs, which are produced by the proteolytic 
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processing of a SAP precursor into four small subunits, 
are co-factors required for the activity of lysosomal 
hydrolases in the degradation of sphingolipids. The SAP 
precursor and the lysosomal hydrolases with which the SAPs 
5 work are encoded by different genes. The AOAH small 
subunit also shows striking homology to sulfated 
glycoprotein 1, human pulmonary surfactant protein B and. 
canine pulmonary surfactant protein B. The alignment of 
the AOAH small subunit sequence with these other proteins 

10 shows that four out of the six SAP cysteines have 
counterparts in the AOAH sequence. 

Comparison of the deduced amino acid sequence of 
the large AOAH subunit has elucidated a partial homology 
between the large subunit and the consensus essential 

15 serine sequence of pancreatic lipases. Pancreatic lipases 
have been shown to share a significant homology around the 
essential serine that extends 6 residues on either side of 
the essential serine (Mickel et al., J. Biol. Chen. 264 : 
12895-12901, 1989 and Lowe et al., J. Biol. Chen.' 264 : 

20 20042-20046, 1989). 

It is an object of the present: invention to 
provide DNA sequences encoding acyloxyacyl hydrolase 
(AOAH) . An additional object of the present invention is 
to provide DNA sequences encoding the large subunit of 

25 AOAH and the small subunit of AOAH. It is also an object 
of the present invention to provide methods for producing 
AOAH from recombinant host cells. A feature of the 
present invention is a DNA construct capable of directing 
the expression of AOAH. It is a further feature of the 

30 present invention to have eukaryotic host cells containing 
DNA constructs capable of directing the expression of 
AOAH. The present invention provides the advantage that 
AOAH is produced at levels substantially higher than that 
found in neutrophils. In addition, the present invention 

35 provides the advantage of producing AOAH that is exported 
from a recombinant cell into the medium where it will be 
more easily isolated. Thus the recombinant AOAH may be 
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produced apart from molecules which which it is typically 
associated in neutrophils, thereby facilitating the 
preparation of substantially pure recombinant AOAH, as 
discussed hereinbelow. It is a further advantage of the 
5 present invention to produce AOAH from cultured 
recombinant cells, thus eliminating the risk of 
transmission of viral infections while providing a method 
for producing large amounts of biologically active AOAH or 
AOAH capable of being activated. 

10 Although DNA sequences encoding AOAH may be 

isolated from cDNA and/or genomic libraries, initial 
attempts by the inventors to isolate AOAH cDNA sequences 
using a monoclonal antibody against AOAH or using a mixed 
family of probes based on the genetic code for the AOAH 

15 amino acid sequence were unsuccessful. The high 

redundancy of the genetic code for the disclosed amino 
acid sequence and the trace amount of AOAH present in the 
cell are believed to contribute to the failure of 
traditional cDNA screening methods. 

2o In one aspect of the present invention, 

polynucleotide sequences encoding AOAH, and particularly 
DNA sequences, are isolated from amplified cDNA sequences 
using polymerase chain reactions (PCRs) . Suitable sources 
from which RNA for the preparation of cDNA may be isolated 

25 include, for example, a cultured promyelocytic cell line 
such as HL-60 (ATCC CRL 240) , a cultured lymphoma cell 
line such as U-937 (ATCC CRL 1593), peripheral blood 
monocytes or neutrophils, peripheral blood leukocytes of 
rabbits, chicken, pigs, mice and cows, with U-937 cells 

30 being particularly preferred. 

A representative method for isolating a DNA 
sequence encoding AOAH involves the use of PCR 
amplification. In the absence of known AOAH DNA 
sequences, synthetic oligonucleotide primers were designed 

35 from an amino acid sequence derived fror. the amino 

terminal end of the large subunit of AOAH, designated the 
core sequence. Due to the high redundancy of the genetic 
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code, the core sequence was unsuitable for designing 
primers for the direct amplification of AOAH-encoding DNA. 
To overcome this problem, highly degenerate 
oligonucleotide primers were designed from amino-terminal 
5 and carboxy-terminal portions of the core sequence. To 

facilitate rescue of the amplified DNA sequence, flanking 
cloning sequences, such as restriction sites, were 
included in the primers. These degenerate primers were 
used to amplify AOAH-encoding sequences from random-primed 

10 cDNA prepared from U-937 mRNA using the method essentially 
described by Lee et al. ( Science 239 : 1288-1291, 19B8, 
incorporated herein by reference) . The resulting 
amplified DNA sequence was sublconed into an cloning 
vector to facilitate sequence analysis of the core 

15 sequence. Suitable cloning vectors include pUC-type 

plasmids (Marsh et al., Gene 32: 481-485, 1984; Messing, 
Meth. Enzvmol. 101 : 21-77, 1983; Yanisch-Perron et al., 
Gene 23: 103, 1985). A preferred cloning vector is a 
bacteriophage lambda cloning vector. Particularly 

20 preferred lambda cloning vectors are XZAP (Stratagene 
Cloning Systems, La Jolla, CA) and XHG-3 (disclosed 
hereinbelow) . 

An oligonucleotide probe corresponding to the 
core sequence was synthesized and used to probe a random- 

25 primed cDNA library prepared from mRNA from HL-60 cells; 
however, only two partial cDNA clones of approximately 
800 and 900 bp were isolated out of 7.2 x 10 6 phage 
clones. Sequence analysis showed that the two clones were 
overlapping, but had different 5' ends, suggesting the 

30 differential splicing of messages. Sequence analysis of 
the clones suggested that both subunits of AOAH are 
encoded by a single gene; however, the cDNA were 
incomplete and did not contain the 3' end of the AOAH 
coding sequence. 

35 Having obtained only partial cDNA from the AGT11 

cDNA library, PGR amplification was used to clone a 
complete DNA sequence encoding human AOAH. Briefly, cDNA 
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encoding 5' and 3' AOAH sequences were independently 
isolated from U-937 poly (A) + RNA. Complementary cDNA was 
prepared for use as a template for the amplification of 3' 
AOAH DNA sequences using an oligo-d(T) primer containing a 
5 cloning sequence, such as a sequence encoding various 

restriction sites located 5' to the oligo-d(T) tract to 
facilitate subcloning. It may be preferable to prepare a 
double-stranded cDNA as a template for amplifying 3' AOAH 
DNA from the oligo-d(T) -primed cDNA by synthesizing a 

10 second strand using a primer encoding a sequence 
corresponding to a portion of the core sequence. 

Double-stranded cDNA for use as a template for 
the amplification of 5' AOAH DNA sequences was prepared 
from U-937 poly (A) + RNA using an antisense primer encoding 

15 a sequence corresponding to a portion of the core 

sequence. The resulting cDNA was G-tailed using the 
method essentially described by Maniatis et al . (Molecular 
nonina : A Laboratory Manual , Cold Spring Harbor, 1982). 
The second strand of the G-tailed cDKA va£ synthesized 

20 using a poly-d(C) primer containing a cloning sequence 

such as a sequence encoding various -restriction sites 5' 
to the poly-d(C) track to facilitate subcloning. 

Due to the rarity of the AOAH message, the 5' 
and 3' templates were enriched for cDNA encoding the 5' 

25 and 3' AOAH coding sequences. The cDNA preparations were 
first fractionated on a 1% low melt alkaline agarose gel. 
The lane containing the 3' cDNA was cut into 12 0.5-cm 
fragments, and the lane containing the 5' cDNA was cut 
into 8 1-cm fragments- The cDNA was eluted and amplified. 

30 The 3' AOAH cDNA was amplified using a sense primer 
encoding a portion of the core sequence and a primer 
encoding a portion of the oligo-d(T) primer. The 5' AOAH 
cDNA was amplified using a primer encoding the antisense 
core sequence and a primer encoding a porrion of the 

35 oligo-d(C) primer. In cases where the oligo-d(T) and 

oligo-d(C) primers contain cloning sequences, preferred 
primers will encode the cloning sequences. Southern blot 
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analysis using the method essentially described by 
Maniatis et al. (ibid.) was carried out on a portion of 
each' PCR reaction using the antisense primer as a probe. 
Evidence from the Southern analysis narrowed the suitable 
5 cDNA to gel fragment #3 for the amplification of 3' AOAH 
coding sequences and fragment #4 for the amplification of 
5' AOAH coding sequences. 

Primers for the amplification of DNA sequences 
encoding 5' and 3' AOAH coding sequences were designed 

10 essentially as described by Hagen (copending US Patent 

Application Serial No. 07/320, 19l # which is incorporated 
herein by reference) . Briefly, primers containing 
sequences termed "prime sequences" were used to facilitate 
the subcloning of the amplified DNA sequences, in a 

15 directional manner, into cloning vectors. Oligonucleotide 
primers were designed using the formula X n TyN m , wherein X n 
is a sequence of deoxynucleotide monophosphates other than 
deoxythymidine monophosphate (d(T)) from 3 to about 25 
nucleotides in length, preferably about 12 to about 15 

20 nucleotides in length, and Ty is one or more, preferably 2 
or more, deoxythymidine monophosphates. N m is an 
oligodeoxy nucleotide that is the same or complementary to 
a terminal cDNA sequence. A3' prime sequence, Xj/Ty, was 
designed for use as the 3' sequence of a 3' prime primer, 

25 and a 5' prime sequence, X2Ty, was designed for use as the 
5' sequence of a 5' prime primer wherein Xi and X2 are as 
defined above, and the sequences of X^ and X2 are 
different and sufficiently noncomplementary to prevent 
them from annealing to each other as necessary for 

30 efficient cloning. In addition, X^ and X2 are non- 
pal indromic. 

Two prime primers, X^TyN^ and X2Tyl«2# were 
designed for the amplification of 3' AOAH sequences, and 
two prime primers, XiTyN3 and X2TyN4, were designed for 

35 the amplification of 5' AOAH sequences, wherein X 1# X2 and 
Ty are as defined above; N^ is an oligodeoxynucleotide 
encoding a portion of the oligo-d(T) primer; N2 is an 
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oligodeoxynucleotide corresponding the sense strand of the 
core sequence; N3 is an oligodeoxynucleotide corresponding 
to the antisense strand of the core sequence; and N 4 is an 
oligodeoxynucleotide encoding a portion of the oligo-d(C) 
5 primer. The enriched 5' and 3' template cDNA were 

amplified using the prime primers essentially as described 
by Frohman et al. (Proc. NatL Acad. ScL USA £§: B998-9002, 
1988) . 

Adhesive ends were created on the amplified cDNA 

10 by treatment with T4 DMA polymerase in the presence of 
dATP. The treated cDNA was gel purified and subcloned 
into a vector containing adhesive ends complementary to 
the prime sequences encoded by the amplified cDNA. The 
DNA inserts were analyzed by restriction analysis and DNA 

15 sequence analysis. The sequence analysis confirmed that 
the amplified DNAs overlapped the core sequence and 
established a full length sequence of 2290 bp. 

A full length cDNA was amplified using 5' prime 
primers and 3' prime primers according to the formulas 

20 XxTyNs and X 2 T y N 6 wherein X lt X 2 and T y are as defined 

above; N5 is a oligonucleotide sequence corresponding to 
the sense strand of the 5' untranslated sequence of AOAH; 
and Ng is an antisense oligonucleotide sequence 
corresponding to the 3' untranslated sequence of AOAH. 

25 The primers were used to amplify the cDNA from fragment 
#3. The resulting PCR product was subcloned into an 
cloning vector as described above. The PCR inserts were 
analyzed by restriction analysis and DNA sequence 
analysis. Comparison of the full length AOAH cDNA and the 

30 partial AOAH cDNAs generated through PCR amplification and 
cDNA library screening showed that the PCR reactions 
incorporated mutations into the full lengrh cDNA. These 
mutations were corrected by PCR amplification of fragments 
of template DNA having the correct sequence. 

35 Figures 1, 2, and 3 disclose representative 

nucleotide sequences encoding AOAH. The cDKA span 2277 bp 
and encode 575 residues including a 34 residue putative 
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pre-pro region and seven cysteines. Analysis of the 
deduced amino acid sequence shows a putative cleavage site 
between the large and small subunits at residue 36. 

With the nucleotide and deduced amino acid 
5 sequence of human AOAH provided herein, genomic or cDNA 
sequences encoding AOAH may be obtained from libraries 
prepared from other mammalian species according to well 
known procedures. Por instance, using oligonucleotide 
probes from human AOAH, generally of at least about 

10 fourteen nucleotides and up to twenty- five or more 

nucleotides in length; DNA sequences encoding AOAH of 
other mammalian species, such as lagomorph, avian, bovine, 
porcine, murine, etc. may be obtained If partial clones 
are obtained, it is necessary to join then in proper 

15 reading frame to produce a full length clone, using such 
techniques as endonuclease cleavage, ligation and loopout 
mutagenesis. 

A DNA sequence encoding AOAH was inserted into a 
suitable expression vector, which was in turn used to 

20 transfect eukaryotic cells. Expression vectors for use in 
carrying out the present invention will comprise a 
promoter capable of directing the transcription of a 
cloned DNA and a transcriptional terminator. The DNA 
sequences encoding the large and small subunits may also 

25 be expressed independently either on the same or different 
plasmids . 

To direct proteins of the present invention into 
the secretory pathway of the host cell, at least one 
secretory signal sequence is operably linked to the DNA 

30 sequence of interest. Preferred secretory signals include 
the AOAH secretory signal (pre-pro sequence) , the alpha 
factor signal sequence (pre-pro sequence; Kurjan and 
Herskowitz, Cell30: 933-943, 1982; Kurjan et al., U.S. 
Patent No. 4,546,082; Brake, EP 116,201;, the PH05 signal 

35 sequence (Beck et al., WO 86/00637), the BAR1 secretory 

signal sequence (MacKay et al., U.S. Patent No. 4,613,572; 
MacKay, W0 87/002670) , the SUC2 signal sequence (Carlson 
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et al., MoLCelLBioL 2: 439-447, 1983), the ar-l-antitrypsin 
signal sequence (Kurachi et al., Proc . Natl. &£ad* Ssi. 
USA 78: 6826-6830, 1981), the a-2 plasmin inhibitor signal 
sequence (Tone et al., J- Biochem. rTofcvo) Ifl£: 1033-1042, 
5 1987) and the tissue plasminogen activator signal sequence 
(Pennica et al., Nature 301; 214-221, 1983). 
Alternatively, a secretory signal sequence may be 
synthesized according to the rules established, for 
example, by von Heinje (Eur. J. Biocheir,, 111' 17-21, 1983; 
10 IMoLBiol IM: 99-105, 1985; Hue. Acids Res. 14: 4683-4690, 
1986) . 

Secretory signal sequences may be used singly or 
may be combined. For example, a first secretory signal 
sequence may be used singly or in combination with a 

15 sequence encoding the third domain of Barrier (described 
in co-pending commonly assigned U.S. Pater.t Application 
Serial No. 104,316, which is incorporated fcy reference 
herein in its entirety) . The third donair. cx Barrier may 
be positioned in proper reading frame l' cf the DNA 

20 sequence of interest or 5' to the DNA sequence and in 
proper reading frame with both the secretory signal 
sequence and the DNA sequence of interest. 

Host cells for use in practicing the present 
invention include mammalian, avian, plant, insect and 

25 fungal cells. Fungal cells, including species of yeast 
(e.g., saccharomvees spp. , gChASQSflCChflrosiYces spp. ) or 
filamentous fungi (e.g., Aspergillus spp., frJeuyospprfl 
spp.) may be used as host cells within the present 
invention. Strains of the yeast gaccharonvces pergv^sjaQ 

30 are particularly preferred. 

Suitable yeast vectors for use in the present 
invention include YRp7 (Struhl et al., Fn.„ \atL Acad Sci. USA 
7h\ 1035-1039, 1978) , YEpl3 (Broach et al . , OVm-.- £: 121- 
133, 1979), POT vectors (Kawasaki et al, V.S. Patent 

35 No. 4, 931, 373, which is incorporated by reference herein), 
PJDB249 and pJDB219 (Beggs, Nature 275: 104-lGc , 1978 j and 
derivatives thereof. Such vectors will generally include 
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a selectable marker, which may be one of any number of 
genes that exhibit a dominant phenotype for which a 
phenotypic assay exists to enable trans formants to be 
selected. Preferred selectable markers are those that 
5 complement host cell auxotrophy, provide antibiotic 

resistance or enable a cell to utilize specific carbon 
sources, and include LEE2. (Broach et al., ibid.)r URA3 
(Botstein et al. , Gene 8 : 17, 1979), HIS3 (Struhl et al., 
ibid.) or POT1 (Kawasaki et al., ibid.). Another suitable 

10 selectable marker is the CAT gene, which confers 
chloramphenicol resistance on yeast cells. 

Preferred promoters for use in yeast include 
promoters from yeast glycolytic genes (Hitzeman et al., 
Biol. Chem. 255: 12073-12080, 1980; Alber and Kawasaki, J. 

15 MoL Appl. Genet. 1 : 419-434, 1982; Kawasaki, U.S. Patent No. 
4,599,311) or alcohol dehydrogenase genes (Young et al., 
in Genetic Engineering of Microorganisms for Chemicals . 
Hollaender et al., (eds.)# P- 355, Plenum, New York, 1982; 
Ammerer, Meth. Enz vmol. 101 : 192-201, 1983). In this - 

20 regard, particularly preferred promoters are the 7777 

promoter (Kawasaki, U.S. Patent No. 4,599,311, 1986) and 
the ADH2-4F promoter (Russell et al., Nature 304 : €52-654, 
1983; Irani and Kilgore, U.S. Patent Application Serial 
No. 183,130, which is incorporated herein by reference). 

25 The expression units may also include a transcriptional 

terminator. A preferred transcriptional terminator is the 
TPI1 terminator (Alber and Kawasaki, ibid.). 

In addition to yeast, proteins of the present 
invention can be expressed in filamentous fungi, for 

30 example, strains of the fungi Aspergillus (McKnight et 
al., U.S. Patent No. 4,935,349, which is incorporated 
herein by reference) . Examples of useful promoters 
include those derived from Aspergillus nidulans glycolytic 
genes, such as the ADH3 promoter (McKnight et. al., EMBOJ. 

35 4: 2093-2099, 1985) and the tpih promoter. An example of a 
suitable terminator is the ADH3 terminator (McKnight et 
al., ibid.). The expression units utilizing such 
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components are cloned into vectors that are capable of 
insertion into the chromosomal DNA of Aspergillus. 

Techniques for transforming fungi are well known 
in the literature, and have been described, for instance , 
5 by Beggs (ibid.)/ Hinnen et al. (Proa Natl. Acad. ScL USA 75 : 
1929-1933, 1978), Yelton et al. (Proa Natl. Acad. ScL USA 81 : 
1740-1747, 1984), and Russell (Nature301: 167-169, 1983). 
The genotype of the host cell will generally contain a 
genetic defect that is complemented by the selectable 

10 marker present on the expression vector. Choice of a 

particular host and selectable marker is well within the 
level of ordinary skill in the art. 

In a preferred embodiment, a yeast host cell 
that contains a genetic deficiency in at least one gene 

15 required for asparagine-1 inked glycosylation of 

glycoproteins is used. Preferably, the yeast host cell 
contains a genetic deficiency in the MX\ x * gene (described 
in pending, commonly assigned U.S. Patent Application 
Serial Nos. 116,095 and 189,547, which are incorporated by 

20 reference herein in their entirety). Most preferably, the 
yeast host cell contains a disruption of the gene. 
Yeast host cells having such defects may be prepared using 
standard techniques of mutation and selection. Ballou et 
al. (LBiol.Chem.255i 5986-5991, 1980) have described the 

25 isolation of mannoprotein biosynthesis mutants that are 
defective in genes which affect asparagine-1 inked 
glycosylation. Briefly, mutagen! zed yeast cells were 
screened using f luoresceinated antibodies directed against 
the outer mannose chains present on wild-type yeast. 

30 Mutant cells that did not bind antibody were further 
characterized and were found to be defective in the 
addition of asparagine-1 inked oligosaccharide moieties. 
To optimize production of the heterologous proteins, it is 
preferred that the host strain carries a r.uzation, such as 

35 the yeast pep4 mutation (Jones, Genetics ,s5 : 22-32, 1977), 
which results in reduced proteolytic activity. 



WO 92/04444 



PCT/US91/06569 



20 



In addition to fungal cells, cultured mammalian 
cells may be used as host cells within the present 
invention. Preferred cultured mammalian cells for use in 
the present invention include the COS-1 (ATCC CRL 1650) , 
5 BHK, and 293 (ATCC CRL 1573; Graham et al., I Gen. Virol 36: 

59-72, 1977) cell lines- A preferred BHK cell line is the 
BHK 570 cell line (deposited with the American Type 
Culture Collection under accession number CRL 10314). In 
addition, a number of other mammalian cell lines may be 

10 used within the present invention, including Rat Hep I 
(ATCC CRL 1600), Rat Hep II (ATCC CRL 1548} , TCMK (ATCC 
CCL 139), Human lung (ATCC CCL 75.1), Human hepatoma (ATCC 
HTB-52), Hep G2 (ATCC HB 8065), Mouse liver (ATCC CCL 
29.1), NCTC 1469 (ATCC CCL 9.1) and DUKX cells (Urlaub and 

15 Chasin, Proc NatL Acad. Sci USA 77 : 4216-4220, 198C) . 

Mammalian expression vectors for use in carrying 
out the present invention will include a promoter capable 
of directing the transcription of a cloned gene or cDNA. 
Preferred promoters include viral promoters and cellular 

20 promoters. Viral promoters include the immediate early 
cytomegalovirus promoter (Boshart et al., Cell 41 : 521- 
530, 1985) and the SV40 promoter (Subramani et al., MoL 
CelLBioLl: 854-864, 1981). Cellular promoters include the 
mouse metallothionein-l promoter (Palmiter et al., U.S. 

25 Patent No. 4,579,821), a mouse V K promoter (Bergman et 

al., Proc NatL Acad. ScL USA 81: 7041-7045, 1983; Grant et al., 
Nuc. Acids Res. 15 ; 5496, 1987) and a mouse V H promoter 
(Loh et al.. Cell H: 85-93, 1983). A particularly 
preferred promoter is the major late promoter from 

30 Adenovirus 2 (Kaufman and Sharp, MoL Cell. Biol. 2: 1304-13199, 
1982) . Such expression vectors may also contain a set of 
RNA splice sites located downstream from the promoter and 
upstream from the DNA sequence encoding the peptide or 
protein of interest. Preferred RNA splice sites may be 

35 obtained from adenovirus and/or immunoglobulin genes. 
Also contained in the expression vectors is a 
polyadenylation signal located downstream of the coding 
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sequence of interest. Polyadenylation signals include the 
early or late polyadenylation signals from SV40 (Kaufman 
and Sharp, ibid.)* the polyadenylation signal from the 
Adenovirus 5 E1B region and the human growth hormone gene 
5 terminator (DeNoto et al., Nuc Acids Res. 9: 3719-3730, 1981). 
The expression vectors may include a noncoding viral 
leader sequence, such as the Adenovirus 2 tripartite 
leader, located between the promoter and the RNA splice 
sites. Preferred vectors may also include enhancer 
10 sequences, such as the SV40 enhancer and the mouse /i 

enhancer (Gillies, Cell 33: 717-728, 1982;. Expression 
vectors may also include sequences encoding the adenovirus 
VA RNAs. 

The processing of the AOAH into the mature two 

15 chain form may be enhanced by modifying the cleavage site 
between the large and small subunits of AOAH to enhance 
cleavage of the precursor to the two-chain form. Modified 
cleavage sites for AOAH include amino acid sequences of 
the formula (Ri)n- R 2~ R 3' wherein R x through R 3 are lysine 

20 (Lys) or arginine (Arg) and n is an integer fron 0 to 4 , 
located between the large and small subunits of AOAH. 
Processing of AOAH by cleavage after a dibasic dipeptide 
such as Arg-Lys and subsequent removal of these amino 
acids may be* enhanced by introducing the 5. ccrevisiae KEX1 

25 and/or KEX2 genes into the host cell as described in 

pending, commonly assigned U.S. Patent Applications Serial 
Nos. 07/317,205; 130,370; and 144,357, and published EP 
319,944 which are incorporated herein by reference. The 
KEX2 gene encodes an endopeptidase that cleaves after a 

30 dibasic amino acid sequence (Fuller et al . , in Leive, ed. , 
Microbiology 1^1986, 273-278, 1986); the expression of the ISJtl 
gene (Dmochowska et al., CellSOx 573-584, 1987) results in 
the subsequent removal of these dibasic ar.inc acids. A 
DNA sequence encoding KEX2 has been deposited with the 

35 ATCC, 12301 Parklawn Dr., Rockville, KD 20851 under 

accession number 67569. A cultured eukaryctic cell line 
transfected with one or both of these genes is thus useful 
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for expressing AOAH having a modified cleavage site 
between the large and small subunits. Processing sites 
may be inserted between the sequences encoding the large 
and small subunits by, for example, in vitro mutagenesis. 
5 Cloned DNA sequences may be introduced into 

cultured mammalian cells by, for example, calcium 
phosphate-mediated transfection (Wigler et al., Cell 14: 
725, 1978; Corsaro and Pearson, Somatic Cell Genetics 7: 603, 
1981; Graham and Van der Eb, Virology 52: 456, 1973.) other 

10 techniques for introducing cloned DNA sequences into 

mammalian cells, such as electroporation (Neumann et al. p 
EMBOLI: 841-845, 1982), may also be used. In order to 
identify cells that have integrated the cloned DNA, a 
selectable marker is generally introduced into the cells 

15 along with the gene or cDNA of interest. Preferred 

selectable markers for use in cultured mammalian cells 
include genes that confer resistance to drugs, such as 
neomycin, hygromycin, and methotrexate. The selectable 
marker may be an amplifiable selectable marker. A 

20 preferred amplifiable selectable marker is the DHFR gene. 
Selectable markers are reviewed by Thilly {Mammalian Cell 
Teclmolo®, Butterworth Publishers, Stoneham, MA, which is 
incorporated herein by reference) . The choice of 
selectable markers is well within the level of ordinary 

25 skill in the art. 

Selectable markers may be introduced into the 
cell on a separate plasmid at the same time as the gene of 
interest, or they may be introduced on the same plasmid. 
If on the same plasmid, the selectable marker and the gene 

30 of interest may be under the control of different 

promoters or the same promoter, the latter arrangement 
producing a dicistronic message. Constructs of this type 
are known in the art (for example, Levinson and Simonsen, 
U.S. Patent No. 4,713,339). It may also be advantageous 

35 to add additional DNA, known as "carrier DNA 11 to the 
mixture which is introduced into the cells. 
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Trans fected mammalian cells are allowed to grow 
for a period of time, typically 1-2 days, to begin 
expressing the DNA sequence (s) of interest. Drug 
selection is then applied to select for growth of cells 
5 that are expressing the selectable marker in a stable 
fashion. For cells that have been transfected with an 
amplifiable selectable marker the drug concentration may 
be increased in a stepwise manner to select for increased 
copy number of the cloned sequences, thereby increasing 
10 expression levels. 

Promoters, terminators and methods for 
introducing expression vectors encoding AOAH into plant, 
avian and insect cells are well known in the art. The use 
of baculoviruses, for example, as vectors for expressing 
15 heterologous DNA sequences in insect cells has been 
reviewed by Atkinson et al. (Pestic. Sci. 28: 215- 
224,1990). The use of Acrrobacterium rlU^oqep^ as vectors 
for expressing genes in plant cells has been reviewed by 
Sinkar et al. r j. Biosci. ( Banalaore ) II: 4"-5c, 1987). 
20 Host cells containing DNA constructs of the 

present invention are then cultured to produce AOAH. The 
cells are cultured according to standard methods in a 
culture medium containing nutrients required for growth of 
mammalian or yeast host cells. A variery of suitable 
25 media are known in the art and generally include a carbon 
source, a nitrogen source, essential amino acids, 
vitamins, minerals and growth factors. The growth medium 
will generally select for cells containing the DNA 
construct by, for example, drug selection cr deficiency in 
30 an essential nutrient which is complemented by the 

selectable marker on the DNA construct cr co-trans fected 
with the DNA construct. 

Yeast cells, for example, are preferably 
cultured in a chemically defined medium, comprising a non- 
35 amino acid nitrogen source, inorganic salts, vitamins and 
essential amino acid supplements. The pH cf the medium is 
preferably maintained at a pH greater than 2 and less than 
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8, preferably at pH 6.5. Methods for maintaining a stable 
pH include buffering and constant pH control, preferably 
through the addition of sodium hydroxide. Preferred 
buffering agents include succinic acid and Bis-Tris (Sigma 
5 Chemical Co., St. Louis, HO) . Yeast cells having a defect 
in a gene required for asparagine- linked glycosylation are 
preferably grown in a medium containing an osmotic 
stabilizer. A preferred osmotic stabilizer is sorbitol 
supplemented into the medium at a concentration between 
10 0.1 M and 1.5 M. , preferably at 0,5 M or 1.0 H. Cultured 
mammalian cells are generally cultured in commercially 
available serum-containing or serum-free media. Selection 
of a medium appropriate for the particular cell line used 
is within the level of ordinary skill in the art. 
15 The AOAH produced according to the present 

invention may be purified by affinity chromatography on an 
antibody column using antibodies directed against AOAH* 
Additional purification may be achieved by conventional 
chemical purification means, such as liquid 
20 chromatography, gradient centrifugation, and gel 

electrophoresis, among others. Methods of protein 
purification are known in the art (see generally, Scopes, 
R., Protein Purification. Springer-Verlag, NY (1982), 
which is incorporated herein by reference) and may be 
25 applied to the purification of the recombinant AOAH 
described herein? see also a purification protocol 
described in U.S. 4,929,604. Substantially pure 
recombinant AOAH of at least about 50% is preferred, at 
least about 70-80% more preferred, and 95-99% or more 
30 homogeneity most preferred, particularly for 

pharmaceutical uses. Once purified, partially or to 
homogeneity, as desired, the recombinant AOAH may then be 
used therapeutically. 

The recombinant AOAH molecules cf the present 
35 invention and pharmaceutical compositions thereof are 

useful for administration to mammals, including humans, to 
treat a variety of conditions associated with the toxicity 
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of gram-negative bacterial infections. For instance, 
although a gram-negative bacterial infection can itself be 
treated with conventional antibiotics, the AOAH 
preparations described herein may be used to treat or 
5 prevent the LPS toxicity associated with such infections 
such as disseminated intravascular coagulation and others 
as described above. 

The pharmaceutical compositions are intended for 
parenteral, topical, oral or local administration for 

10 prophylactic and/or therapeutic treatment. Preferably, 
the pharmaceutical compositions are administered 
parenterally, i.e., intravenously, subcutaneously , or 
intramuscularly. Thus, this invention provides 
compositions for parenteral administration which comprise 

15 a solution of the recombinant AOAH molecules dissolved in 
an acceptable carrier, preferably an aqueous carrier. A 
variety of aqueous carriers may be used, e.a., water, 
buffered water, 0.4% saline, 0.3% glycine, 20-30% glycerol 
and the like. These compositions may be sterilized by 

20 conventional, well known sterilization techniques. The 
resulting aqueous solutions may be packaged for use or 
filtered under aseptic conditions and lyophilized, the 
lyophilized preparation being combined with a sterile 
aqueous solution prior to administration. The 

25 compositions may contain pharmaceutically acceptable 
auxiliary substances as required to approximate 
physiological conditions, such as pH adjusting and 
buffering agents, tonicity adjusting agents and the like, 
for example, sodium acetate, sodium lactate, sodium 

30 chloride, potassium chloride, calcium chloride, etc. The 
concentration of recombinant AOAH in these formulations 
can vary widely, i.e., from less than about 0.5*, usually 
at or at least about 1% to as much as 15 cr 20* by weight 
and will be selected primarily by fluid volumes, 

35 viscosities, etc., in accordance with the particular mode 
of administration selected. Actual methods for preparing 
parenterally administrable compounds will be known or 
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apparent to those skilled in the art and are described in 
more detail in for example, Remington ' s Pharmaceutical 
Science . 16th ed. , Mack Publishing Company, Easton, PA 
(1982) , which is incorporated herein by reference, 
5 The compositions containing the recombinant AOAH 

molecules can be administered for prophylactic and/or 
therapeutic treatments. In therapeutic applications, 
compositions are administered to a patient already 
suffering from a gram-negative bacterial disease in an 
10 amount sufficient to cure or at least partially arrest the 
effects of LPS toxicity associated with the disease and 
its complications. An amount adequate to accomplish this 
is defined as "therapeutically effective dose." Amounts 
effective for this use will depend on the severity of the 
15 gram-negative infection and the general state of the 

patient but generally range from about 1 /ig to about 10 mg 
of recombinant AOAH per 70 kg of body weight. It must be 
kept in mind that the materials of the present invention 
may generally be employed in serious bacterial disease . 
20 states, that is, life-threatening or potentially life 
threatening situations. In such cases, in view of the 
minimization of extraneous substances and the specificity 
of the recombinant AOAH made feasible by this invention, 
it is possible and may be felt desireable by the treating 
25 physician to administer substantial excesses of these 
recombinant AOAH compositions. 

In prophylactic applications, compositions 
containing the recombinant AOAH are administered to a 
patient susceptible to or otherwise at risk of a gram- 
30 negative disease to enhance the patient's own anti- 
bacterial/ant i-LPS capabilities. Such an amount is 
defined to be a "prophylactically effective dose." In 
this use, the precise amounts will again depend on the 
patient's state of health. 
35 Single or multiple administations of the 

compositions can be carried out with the dose levels and 
pattern being selected by the treating physician. In any 
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event, the pharmaceutical formulations should provide a 
quantity of recombinant AOAH of this invention sufficient 
to effectively treat the patient. 

To summarize the examples which follow, Example 
5 l describes the construction of cloning and expression 
vectors. Example 2 describes cloning of DNA sequences 
encoding human AOAH. Example 3 describes the expression 
of AOAH in mammalian cells. 

The following examples are offered by way of 
10 illustration and not by way of limitation. 

EXAMPLES 

Restriction endonucl eases and other DNA 
modification enzymes (e.g., T4 polynucleotide kinase, calf 

15 alkaline phosphatase, DNA polymerase I (Klenow fragment), 
T4 polynucleotide, ligase) were obtained from Boehringer 
Mannheim Biochemicals, Bethesda Research Laboratories 
(BRLJ and New England Biolabs and were used as directed by 
the manufacturer, unless otherwise noted. 

20 Oligonucleotides were synthesized cn an Applied 

Biosystems Model 380A DNA synthesizer and purified by 
polyacrylamide gel electrophoresis on denaturing gels. £. 
coli cells were transformed as described by Maniatis et al . 
[Molecular Cloning: A Laboratory Manual , Cold Spring Harbor 

25 Laboratory, 1982, incorporated by reference herein) or as 
described by Sambrook et al . (Molecular Cloning: A Laboratory 
Manual, Cold Spring Harbor Laboratory, Second Edition, 
1988, incorporated by reference herein) . H13 and pUC 
cloning vectors and host strains were obtained from BRL. 

30 

Example 1 

Construction of Cloning and Expression Vectors 
A. Construction of pVEG 

To permit transcription of cloned cDN'A without 
35 prior endonuclease digestion, bacteriophage T7 

transcriptional terminators were added to a cloning 
vec tor. The sequence of the putative T7 RNA transcription 
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terminator, which lies between gene 10 and gene 11 of 
bacteriophage T7 , is disclosed by Dunn and Studier (/ Mol 
BioL 166: 477-536, 1983). As shown in Figure 5, four 
synthetic oligonucleotides were designed from this 
5 sequence and ligated into the vector pGEM-1 (obtained from 
Promega Biotec, Madison, WI) , a plasmid containing a 
bacterial origin of replication, ampicillin resistance 
gene, and the T7 promoter adjacent to a multiple cloning 
site. Terminal phosphates were added to the 5' ends of 
10 oligonucleotides ZC776 and 2C777 with T4 polynucleotide 

kinase and ATP, under standard conditions (Maniatis et al. 
ibid) . (The sequences of these and other oligonucleotides 
referred to herein are shown in Table 1.) After the 
incubation, the kinase was heat killed at 65 C for 10 min. 
15 Twenty-five nanograms of oligonucleotide ZC775 and 25 ng 
of oligonucleotide 2C776 were annealed by incubation at 
65 *C for 15 minutes, then allowed to cool to room 
temperature in 500 ml of water. Oligonucleotides 2C777 
and ZC778 were similarly annealed. The annealed 
20 oligonucleotides were stored at -20 e C until use- The 

vector pGEM-1 was digested with Pst I and Hind III, and 
the linearized vector DNA was purified by agarose gel 
electrophoresis. The synthetic T7 terminator (annealed 
oligonucleotides 2C775, 2C776, 2C777 and ZC778) was then 
25 cloned into pGEM-1. Twenty-five nanograms of vector plus 
an equal molar amount of each of the annealed 
oligonucleotides 2C775/2C776 and 2C777/ZC778 were combined 
in a 10 jtl reaction mix. After an overnight ligation at 
14 *C, the DNA was transformed into competent E. coli JM83 
30 cells, and the transformed cells were selected for 

ampicillin resistance. Plasmid DNA was prepared from 
selected transf ormants by the alkaline lysis procedure 
(Birnboim and Doly, Nuc. Acids Res. 7: 1513-1523, 1979). A 
portion of the DNA from these samples was cut with Pst I 
35 and Hind III and analyzed on a 4% polyacrylamide gel to 
identify clones that released an 80 bp Pst. I -Hind III 
fragment. Other diagnostic cuts, such as Eco RI and Not 
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I, were also made. One of the isolates, designated pGEMT, 
was shown by restriction analysis to contain the T7 
terminator fragment. 

5 Tfrbl* 1 

oligonucleotide Sequence fg' - ?') 





ZC525 


GGA 


ATT 


CT 


















ZC526 


GAT 


CAG 


AAT 


TCC 
















ZC553 


AA1 




map 






PTT 


ATT 


GCA 






10 


ZC554 


GTA 


AGC 






TAT 














ZC775 


GCT 
GGT 


AGC 
CT 


ATA 


ACC 


CCT 


TGG 


GGC 


CTC 


TAA 


ACG 




ZC776 


CTC 
TAT 


AAG 

GCT 


ACC 
AGC 


CGT 

TGC 


TTA 

> 
A 


GAG 


GCC 


CCA 


AGG 


GGT 


15 


ZC777 


TGA 
TGC 


err' 

GGC 


CGC 


111 

A 


1 V3 w 








GAA 


CTA 




ZC778 


AGC 


TTG 


CGG 


CCG 


CAI 


AU * 


T 




TTT 
111 








CAA 


AAA 


ACC 


C 


Al . 














ZC1750 


AGG 


GAG 


ACC 


GGA 






w 




20 


ZC1751 


AAT 


TCT 


GTG 


CTC 


TGI 


CAA 












ZC1752 


GAT 


CCT 


TGA 


CAG 


AGC 


ACA 


G 










ZC2063 


GAT 


CCA 


AAC 


TAG 


TAA 


AAG 


AGC 


T 








ZC2064 


CTT 


TTA 


CTA 


GTT 


TG 














ZC2465 


ACA 


GAC 


TGT 


TCC 


ATA 


GCT 


AAT 


TTA 


ATT 


TTC 


25 




TGG 


CAG 


AT 


















ZC2487 


GAC 
TTT 


TCG 
TTT 


AGT 
TTT 


CGA 


CAT 


CGA 


TCA 


GTT 


TTT 


TTT 




ZC2488 


GAC 

cc 


TCG 


AGT 


CGA 


CAT 


CGA 


TCA 


GCC 


CCC 


CCC 


30 


ZC2489 


GAC 


TCG 


AGT 


CGA 


CAT 


CGA 


TCA 


G 








ZC2631 


AGG 
GTG 


GAG 
CCA 


ACC 
TTC 


GGA 
AAA 


ATT 
GAT 


CCC 

g: 


ATG 


GAA 


CAG 


TCT 




ZC2632 


GAC 
ATC 


AGA 
GAT 


GCA 
CAG 


CAG 


AAT 


TCG 


ACT 


CGA 


GTC 


GAC 


35 


ZC2633 


AGG 
TCG 


GAG 
ATC 


ACC 
AG 


GGA 


AT" 


CGA 


CTC 


GAG 


TCG 


ACA 
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ZC270 3 


GAC 


AGA 


GCA 


CAG 


AAT 


TCG 


AGC 


ACA 


CAG 


CAT 




TGC 


ACA 


GTC 


GT 


















uAb 


ALL 


GGA 


ATT 




Uib 




Ttt 


GTG 




TGT 


GGC 


TCT 


C 














ZC3Q74 


ACT 


TGG 


GAA 


TTC 


GTC 


GAC 


CAC 


CAT 


GCA 


GTC 




CCC 


CTG 


GAA 


A 
















TTT 


ACA 


AAA 


CTC 


^ X. ^ 

GAG 


AGT 


Mf*|A 

GTG 








LLJU / O 


CAC 


H. / VII 

ACT 


CTC 


GAG 


TTT 


TGT 


X X X 

AAA 


CAG 


AAC 


ACT 




GG 




















ZC3077 


AAC 


ATG 


GGA 


TCC 


ATT 


GGG 


CAG 


GTG 


GGA 


ATT 




TAG 


ATG 


CTT 


CAG 


AGT 


CTG 


CAT 


GAC 






ZC3078 


CCC 


AAT 


GGA 


TCC 


CAT 


GTT 


ATT 


TTG 


TAT 


GGC 




TTA 


CCA 


GAT 
















ZC3079 


GGT 


GCA 


TGG 


TCG 


ACG 


AAT 


TCT 


CAG 


TGC 


CCG 




CCT 




















ZC3202 


TTA 


ATT 


TTC 


TGG 


CAG 


ATC 


TTG 


GCC 






ZC3203 


TAG 


GGT 


GTG 


TAC 


TAG 


TGG 


TGT 


CTG 







20 

The native T7 terminator from plasmid pAR2529 
(Rosenberg et al., Gene 56 : 125-135, 1987) was added to 
plasmid pGEMT. Plasmid pGEMT was digested with Bam HI and 
plasmid pAR2529 was digested with Bam HI and Bgl II 

25 (Figure 5) . The Bam HI-Bgl II terminator fragment from 

pAR2529 was purified by agarose gel electrophoresis. The 
terminator fragment was ligated to Bam HI digested pGEMT, 
and the DNA was transformed into competent £. coli IM1035 
cells. Colonies that were ampicillin resistant were 

30 inoculated into 5 ml cultures for overnight growth. 

Plasmid DNA prepared by the alkaline lysis procedure was 
screened for proper terminator orientation by Bam Hi-Sal I 
digestion and electrophoresis on an 8% polyacrylamide gel. 
A clone that contained the terminator in the correct 

35 orientation, as evidenced by the presence cf a 130 bp Ban 
Hi-Sal I fragment, was chosen and named pGEMTT (Figure 5) . 
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To allow pGEMTT to be packaged as single- 
stranded DNA in the presence of M13 phage proteins, the 
M13 intergenic region from pUC382 (similar to pUCH8 and 
119 as disclosed by Vieira and Messing, Methods EnzymoL 153: 
5 3-11, 1987) was added to pGEMTT (Figure 5). Plasmid 

pGEMTT was digested with Fsp I and Nar I, and the fragment 
containing the T7 promoter and transcription terminator 
was purified. Plasmid pUC382 was digested with Fsp I and 
Nar I, and the fragment encoding the ampicillin resistance 

10 gene and the M13 intergenic region was gel purified. 

These fragments were then ligated together in the presence 
of T4 DNA ligase. The ligated DNA was transformed into 
competent E. coli LM1035 cells. Plasmid DNA from twelve 
ampicillin-resistant colonies was prepared by the alkaline 

15 lysis method, and the DNA was screened by digestion with 
Ava I. The appropriate construction gave tv;o bands, one 
of 2430 bp and another of 709 bp. One such isolate was 
chosen and named pVEG. 

20 B. Construction of pVEGT' 

Synthetic oligonucleotides encoding the prime 
sequence were added to pVEG between the Ban HI and Eco RI 
sites (Figure 6) . Plasmid pVEG was digested with Bam HI 
and Eco RI and the vector fragment was gel purified. 

25 Ninety-six nanograms each of oligonucleotides ZC1751 and 

2C1752 were annealed in 4.5 /il of 10 mM Tris pH 7.5, 20 mM 
MgCl2 and 10 mM NaCl at 65 *C for 20 minutes, then the 
mixture was cooled to room temperature over a period of 30 
minutes. The annealed oligonucleotides were ligated to 

30 the pVEG vector fragment with T4 DNA ligase and then 
transformed into competent E.coli LM1035 ceils. After 
growing overnight to develop the colonies, a filter lift 
was taken of the colonies on the agar plaze. The filter 
was probed with 32 P-labeled oligonucleotide 2C175I. All 

35 of the colonies were positive. Plasmid DNA was prepared 
from cultures grown from 12 of the colonies. The plasmid 
DNA was screened by digestion with Sst I to verify the 
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absence of the Sst I site betveen the Eco RI and Bam HI 
sites of pVEG. All 12 of the plasmid DNAs were negative 
for Sst I digestion. One of these 12 isolates was chosen 
and named pVEG'. 

5 A polyadenylation sequence derived from an 

Aspergillus alcohol dehydrogenase cDNA was added to pVEG. As 
shown in Figure 7, plasmid pM098 (disclosed in published 
European patent application EP 272,277 and deposited with 
American Type Culture Collection under accession number 

10 53428) was digested with Dra I and Bam HI, and the 

approximately 150 bp poly (A) fragment was purified by 
agarose gel electrophoresis. This fragment contained 
mostly poly (A) sequence with very little flanking cDNA. 
To clone the poly (A) cDNA fragment into pVEG, pVEG was 

15 digested with Bam HI and Sma I, and the 3.4 kb vector 
fragment was gel purified. The vector and poly (A) 
fragments were ligated together with T4 DNA ligase to 
produce vector pVEGT (Figure 7) . 

Synthetic oligonucleotides encoding the prime 

20 sequence were added to pVEGT . To accomplish this, pVEGT 

was digested with Not I and Sst I, and the 370 bp fragment 
containing the poly (A) sequence and the two T7 
transcriptional terminators was purified by agarose gel 
electrophoresis. Plasmid pVEG' was digested with Not I 

25 and Bam HI, and the 3.2 kb vector fragment was gel- 
purified. Two oligonucleotides (ZC2063 and ZC2064) that 
formed, when annealed, a Bam Hl-Sst I adapter were 
synthesized. The two oligonucleotides were individually 
kinased and annealed, and ligated with the linearized 

30 vector and the poly (A) -terminator fragment. The resultant 
vector, designated pVEGT ' (Figure 3), contained a T7 RNA 
transcription promoter, an Eco RI cloning sire flanked by 
the prime sequence, a poly (A) tract, and tv;c T~ RNA 
polymerase terminators. 

35 
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C. Construction of DVEG 

The mammalian expression vector pVAPDBamS 
(Figure 8) , an adenovirus-based vector, was the starting 
material for the construction of a mammalian cell vector 
5 containing the directional cloning features. The 

important elements of this vector are an adenovirus origin 
of replication, an SV40 enhancer, the adenovirus 2 major 
late promoter and tripartite leader sequence, a pair of 
RNA splice sites, a cloning site, and a poly (A) addition 

10 sequence. As will be appreciated by those familiar with 
the art, these elements may be obtained fror a variety of 
sources, and the particular starting materials and 
manipulations described herein were chosen for 
convenience. To facilitate the subcloning of Eco RI 

15 cloned cDNA into this expression vector, an Eco RI cloning 
site was added to pVAPDBam8. 

The vector was first modified so mat the prime 
sequence could be inserted at the Bel I site. To prepare 
pVAPDBam8 for digestion with Bel "I, whicn requires the 

20 absence of methylated sites within the recognition 

sequence, the plasmid was transformed into E.coli DH1 (a 
modification plus and restriction minus strain) and 
subsequently transformed into E.coli GM-4 6 , (a modification 
minus and restriction minus). The resulting plasraid, 

25 pVAPDBam8-l, was digested with Bel I. An adapter formed 
by two kinased, annealed oligonucleotides, ZC525 and 
ZC526, was ligated with the Bel I-digested vector. To 
make this construction two adapters had to blunt-end 
ligate, then the double adapter had to ligate into the Bel 

30 I cloning site, resulting in a vector having two Eco RI 

sites flanked by Bel I sites. This vector vas named VAPDR 
(Figure 8) . To remove the other Eco RI site near the 
viral origin of replication of this vector, VAPDR was 
digested with Xho I and Pvu I, and the 3.1 kfc fragment, 

35 containing the splice sites and polyadenyiation sequence, 
was gel purified. From the similar vector pDM (disclosed 
in published European patent application EP 276,846 and 
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shown in Figure 8) f a 1.7 kb Xho I-Pvu I fragment, 
containing the adenovirus origin of replication, SV40 
enhancer and adenovirus major late promoter, was gel 
purified. These two fragments were ligated together with 
5 T4 DNA ligase to produce the vector VAPDxR (Figure 8) . 

The Ml 3 intergenic region was then added to 
VAPDxR. Plasmid pVEG was digested with Pvu II and Nar I, 
blunted with T4 DNA polymerase, then Bam HI linkers were 
added with T4 DNA ligase. The ligation products were 

10 digested with Bam HI, and the DNA fragment was gel 

purified. VAPDxR was digested to completion with Bam HI 
and partially digested with Bel I. The Bel I -Bam HI 
fragment containing the adenovirus expression unit was gel 
purified. The fragments from pVEG and VAPDxR were ligated 

15 and transformed into competent 12*1035 cells. The 

construction was screened for correct orientation of the 
intergenic region. The desired orientation would provide 
single-stranded DNA of anti-sense polarity in regard to 
RNA synthesized by the major late promoter. A construct 

20 having this configuration was named pDVEG (Figure 9) . 

To add the prime sequence to pDVEG, this plasmid 
was digested with Eco RI (Figure 9) . The prime sequence, 
constructed by annealing oligonucleotides ZC1773 and 
2C1774, was ligated to the Eco RI -digested vector. The 

25 ligated DNA was electroporated into DH5aF /TI " : cells 

(obtained from Bethesda Research Laboratories) , and the 
cells were plated. Colony blots were obtained and probed 
with labeled ZC1773 and ZC1774. Plasmid DNA was prepared 
from positive colonies and electroporated into XL- I blue 

30 cells (obtained from Stratagene Cloning Systems) , which 

contain a tetracycline resistant F' required for Ml 3 

« 

infection. Plasmid DNA was prepared fror?. colonies that 
were resistant to both tetracycline and ample ill in. The 
region around the Eco RI site was sequenced by double- 
3 5 stranded dideoxy-chain termination DNA sequence analysis. 
A construct with the correct orientation of the prime 
sequence was selected and named pDVEG ' . 
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D. Construction of XHG3 

Plasmid pGEMT was subcloned into AGT11 to 
facilitate rescue and analysis of cloned DNA sequences as 
5 follows. Lambda GT11 DNA was digested with Eco RI and the 
terminal phosphates were removed by treatment with calf 
alkaline phosphatase. Plasmid VAPxR (Example ID) was 
digested with Pst I and was gel-purified. 
Oligonucleotides ZC554 and ZC553 were designed to form, 

10 when annealed, an Eco Rl-Pst I adapter with an internal 

Not I site. Oligonucleotides ZC554 and 2C553 were kinaseD 
and annealed and ligated to the linearized VAPDxR vector. 
The ligation product was gel purified and ligated to the 
Eco Rl-digested lambda GT11. The ligation mixture was 

15 packaged and plated on £• coli Y1088 cells. Phage 

containing the VAPDxR vector were plaque-purified using 
nick-translated, gel-purified, VAPDxR DNA containing the 
Eco Rl-Pst I adapter. One such isolate was called AGH4 . 
Plasmid pGEMT was inserted into the Not I site of XGH4 . 

20 Lambda GH4 was linearized by digestion with Not I and 
treated with calf alkaline phosphatase- Plasmid pGEMT 
(Example 1A) was linearized by digestion with Not I. The 
linearized-XGH4 and linearized pGEMT were ligated 
together, packaged, and plated on £. coli VI 088 cells. A 

25 clone containing pGEMT was plaque-puirif ed using nick- 
translated pGEMT as a probe. The construction was 
verified by digestion with Not I and was designated AHG3. 

E. Construction of the Mammalian Expression Vector 
30 Zem229R 

The vector Zem229R was constructed as shown in 
Figure 10 from Zem229. Plasmid Zem22S is a p T JC18 -based 
expression vector containing a unique Bar: HI site for 
insertion of cloned DNA between the mouse r.etal loth i one in- 
35 1 promoter and SV40 transcription terminator an an 

expression unit containing the SV40 early promoter, mouse 
dihydroflate reductase gene, and SV40 terminator. Zem229 
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was modified to delete the two Eco RI sites by partial 
digestion with Eco RI, blunting with DNA polymerase I 
(Klenow fragment) and dNTPs, and re-ligation. Digestion 
of the resulting plasmid with Bam HI followed by ligation 
5 of the linearized plasmid with Bam HI-Eco RI adapters 

resulted in a unique Eco RI cloning site. The resultant 
plasmid was designated Zem229R. 

Example 2 

10 The Cloning of DNA Sequences Encoding AOAH 

A. Amino acid sequence of AOAH 

AOAH was purified from DMSO-treated HL-60 cells 
and used to immunize mice. To induce antibodies, near- 
pure AOAH was adsorbed to lentil lectin-Sepharose 

15 (Pharmacia) and the resulting complex was injected 
intraperitoneal ly into mice. After fusion of mouse 
splenocytes with SP/2 cells, the resulting hybridomas were 
screened for the production of antibodies to AOAH using an 
activity depletion assay. One monoclonal antibody that 

2 0 depleted AOAH activity from solution also bound the 50 kD 
subunit of AOAH on Western blot analysis. The subunits of 
pure AOAH were then separated by reduction with 2- 
mercaptoethanol and separated on an SDS-PAGE gel, the 50 
kD band was blotted onto a membrane, and the N-terminal 

25 amino acid sequence was determined by amino acid 

microsequence analysis. A 29 amino acid shown in Table 2 
was designated the core sequence. 

30 Core gqqy^nqe 

Xxx Asp lie Xxx Ser Leu Pro Val Leu Ala Lys lie 
Xxx Gin Lys lie Lys Leu Ala Met Glu Gin Xxx Val 
Pro Phe Lys Asp Val 



35 
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Two synthetic peptides were synrhesized from a 
portion of the core sequence (Cys Ala Ala Ser Leu Pro Val 
Leu Ala Lys He Cys Gin Lys Leu Ala Met Glu Gin and Cys 
Ala Ala Ser Leu Pro Val Leu Ala Lys He Gly Gin Lys Leu 
5 Ala Met Glu Gin) . Keyhole limpet hemocyanin was coupled 
to the peptide via the Cys residue of the Cys-Ala-Ala 
triplet of each peptide using the method essentially 
described by Green et al., Cell 28: 477-487, 1982). Sera 
from a peptide immunized rabbit also identified a 50 Kd 
10 protein by Western analysis. 

B. Amplification of the Core Sequence 

The DNA sequence encoding the disclosed amino 
acid sequence was isolated using the method essentially 

15 described by Lee et al. < Science 219: 126S-1251, 1988;. 

Briefly, 1 fig of HL-60 poly (A) + RNA, diluted into a total 
of 5 Ml of 5 mM Tris pH 7.0, 0.05 mM EDTA , was heated at 
65 *C "for 3 minutes, quick chilled in ice water, and 
reverse transcribed in 10 nl of 50 mK Tris-HCl, pH 8.3, 75 

20 mM KC1, 10 mM DTT, 3 mM MgCl 2 , 500 /iM dKT? , C.5 liQi/Ul 

cr 32 P-dATP containing 6 nq/pl random primer (Pharmacia LKB 
Biotechnology, Piscataway, NJ) . The reaction was 
preincubated at 45' C for 5 minutes and was added to 20 
U//il MMLV(H-) reverse transcriptase (obtained from 

25 Bethesda Research Laboratories) . Incubation was continued 
for one hour at 42 - C. After incubation, TCA precipitable 
counts were determined. One microliter of the reaction 
mixture was added to 500 ill of water containing 100 ng of 
carrier RNA. The DNA was precipitated with 500 (il 20% 

30 TCA. One hundred microliters of this sample was counted 
directly to determine total counts in reaction. The 
remainder of the TCA sample was collected cn a glass 
filter and washed with 10% TCA and counted. The synthesis 
yielded 250 ng of DNA. 

35 Ninety microliters of 1 mK EDTA, 0.2 K KOH were 

added to the remainder of the reaction sar.pl e. The sample 
was incubated for 15 minutes at 65 ; C to hydrclyze the RNA. 
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The primer and small molecules were removed by an alkaline 
Sepharose 6B column chromatography, poured in a 1 ml 
disposable pipet, in 50 mM KOH, 0.1 mM EDTA. (The column 
was washed with 50 column volumes of buffer prior to use.) 
5 The cDNA in the void volume was collected and ethanol 

precipitated after the addition of 5 pq of carrier oyster 
glycogen. The random-primed cDNA was resuspended in 50 /il 
of 10 mM Tris pH 7.4, 10 mM NaCl, and 0.1 mM EDTA. 

Degenerate oligonucleotides were designed and 

10 synthesized to correspond to the terminal portions of the 
disclosed sequence and in addition contained sequences 
encoding terminal Eco RI sites to facilitate subcloning. 
The sense core primer family, ZC2388, (Table 3) and the 
antisense core primer family, ZC2295, (Table 3j were used 

15 to amplify the cDNA using the method essentially described 
by Lee et al. (ibid.). Forty-two nanograms of random- 
primed cDNA was added to a reaction containing IX PCR 
buffer (Perkin Elmer Cetus, Norwalk) , 200 uK dNTPs, 400 
pmoles of ZC2388, 400 pmoles of ZC2295 and 2.5 U of Taq .1 

20 in a 100 /xl reaction. A mineral oil overlay was added tc 
the reaction mixture, and the PQR reaction was carried out 
under the conditions shown in Table 4. 
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Core Primer and Probe Families 



ZC2388 - Sense core primer family 
5 23-mer, family of 256. 
Eco RI A A A 

CC C C A 
TCAGAATTCGTGTTGGCGAAGAT 
T T T 

10 

ZC2295 - Antisense core primer family 
26-mer, family of 128. 
Eco RI A A 

G T G C C 
1 5 GATGAATTCACATCCTTAAAGGGGAC 



2C2389 - 17-mer probe family of 128 
A A 

20 GT C C A A 

AAACTGGCGATGGAGCAG 
T T 

ZC2298 - 26-mer I-probe family of 16 
25 AAA A 

CAGAAGATIAAGITIGCIATGGAGCA 
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Conditions for Polymerase Chain Reaction Amplification of 

the AOAH Core Sequence 

5 94 m C for 3 minutes 

30 "C for 2 minutes 3 cycles 
72 *C for 4 minutes 



94 # C for 2 minutes 
10 55 9 C for 2 minutes 40 cycles 
72 *C for 4 minutes 

After the last cycle, the samples "were extracted 
with 100 /il chloroform to remove oil overlay. Five 

15 micrograms of oyster glycogen and 4 |il 0.5 K EDTA were 

added, and the samples were phenol-chloroform extracted. 
The amplified DNA was ethanol precipitated and resuspended 
in 60 /il of water. 

The resuspended amplified DNA was cloned into 

20 the Eco RI site of a XHG-3. To accomplish this, the 

amplified DNA was digested with Eco RI and the digest was 
run on a 4% NuSieve agarose TBE gel. Ultraviolet 
illumination revealed a faint band at about 71 
nucleotides. This band was electrophoresed onto NA-45 

25 paper (Schueller and Schneller) and was eluted by 

incubation at 65 - C for 20 minutes in 400 (il of 1.5 M NaCl, 
10 mM Tris pH 7.4, and 0.1 mM EDTA. After the addition of 
5 fig of oyster glycogen, the sample was phenol -chloroform 
extracted three-times and ethanol precipitated. The DNA 

30 was resuspended in 10 /il water. 

The Eco Rl-digested DNA was ligated with AHG-3, 
which had been digested with Eco RI and dephosphorylated 
with calf alkaline phosphatase. The ligation mixture was 
incubated at room temperature for 2 hours. Gigapack Plus 

35 packaging mix (Stratagene Cloning Systems, Inc., La Jolla, 
CA) was added and the incubation was continued at room 
temperature for 2 hours. After incubation, 225 /il of SM 
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buffer (Maniatis et al., ibid,) was added, and the 
solution was vortexed gently. Thirty microliters of 
chloroform was added, and the sample was gently vortexed. 
After a 2 minute centrifugation, the aqueous phase was 
5 diluted 1/100 and 10 ill was plated on £. coli Y1088 cells. 

Plaque lifts were prepared using the method 
essentially described by Benton and Davis < Science 12£: 
180, 1977). Two oligonucleotide families of probes were 
designed that would identify the sequence between the core 

10 PCR primers. The probe families, 2C2389 and ZC2298, 

consisted of a 17 mer of a family of 128 oligonucleotides 
and a 26 mer of a family of 16 oligonucleotides with 
inosines in the most ambiguous positions, respectively 
(Table 3). These oligonucleotides were kinased and 

15 duplicate plaque lifts were probed with each probe family. 
Six positive plaques were chosen for further analysis. 

Plate lysates were prepared ,fror. each isolate 
and lambda DNA was obtained by the method essentially 
described by Helms et al. (DMA 4.: 39, 19B5/ . Flasmids 

20 residing in the X vectors were released with the method 

called "X-pop" essentially as described by Hagen (ibid.). 
Briefly, the X isolates were digested with Not I, which 
liberates the complete pGEMT plasmid. The Hot I-digested 
DNA was ligated for 5 hours at room temperature followed 

25 by heat denaturation of the ligase at 65 C for 10 minutes. 
The ligation mixtures were phenol -chloroform extracted, 
ethanol precipitated, and the DNA was electroporated into 
£. coli . Plasmid DNA was prepared from the transformants 
using the method essentially described by Hclmes and 

30 Quigley f Anal. Biochem. 114 : 193, 1981;. The DNA 

sequence of the core fragment was determined by dideoxy- 
chain termination method on double stranded plasr.id DNA, 
using a vector sequence primer. The translation of the 
DNA sequence showed that the deduced amino acid sequence 

35 (Table 5) was identical to the core AOAH ar.ino acid 

sequence and that is supplied the unknovr. amino acids at 
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positions 13 and 23 (Table 2) with Cys and Ser, 
respectively • 

5 AQAH Core Sequence Derived from PCR Amplification and 

Deduced Amino Acid Sequence 

Val Leu Ala Lys lie Cys Gin Lys lie Lys Leu Ala Met 
5' GTT TTG GCC AAG ATC TGC CAG AAA ATT AAA TTA GCT ATG 
10 1 10 20 30 

Glu Gin Ser Val Pro Phe Lys Asp Val 
GAA CAG TCT GTG CCA TTC AAA GAT GT 3' 
40 50 60 



15 C. Isolation of Partial" cDNA Clones 

Partial AOAH cDNA clones were obtained from a 
cDNA library prepared from a DMSO-stiraulated HL-60 cell 
RNA. RNA template for this library was prepared using the 
method essentially described by Chirgwin et al. 

20 ( Biochemistry 18 : 5294-5299, 1979). Poly(A;~ RNA was 
selected by two passages over an oligo-d(T) column. A 
lambda gtll cDNA library was prepared from this RNA using 
an Invitrogen Inc. "Lambda Librarian" cDNA kit and a 
modification of the manufacturer's instructions. Briefly , 

25 double-stranded cDNA was synthesized using five micrograms 
of twice-selected poly (A) + RNA and using the 
manufacturer's prescribed directions. The cDNA was 
blunted with T4 DNA polymerase, Eco RI adapters were 
added, and the cDNA was phosphorylated as described by the 

30 manufacturer. Following the phosphorylation, the cDNA was 
phenol-chloroform extracted two times. The cDNA was size- 
selected and the unincorporated primers were removed by 
chromatography on a 1.1 ml Sepharose 6B-CL column 
equilibrated with 10 mM Tris pH 7.4, 150 mK NaCl, and 0.1 

35 mM EDTA. Fractions of the void volume containing the cDNA 
were pooled and the cDNA was ethanol precipitated. The 
cDNA was ligated to Eco RI -digested dephosphorylated 
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lambda gtll (Clontech Inc.)- The DNA was packaged using 
Gigapack Plus packaging mix (Stratagene Cloning systems) 
and plated on £. coli Y1088 cells. A plate lysate library 
was prepared which contained 13.3 million independent 
5 isolates with a background of 1%. The actin positivity of 
the library was 0.34% (Hagen et al., BioTechnioues, 6: 
340, 1988). The plate lysate library was stored at 4*C 
over chloroform. 

To screen the library for AOAH cDNA clones, 

10 duplicate filter lifts were prepared fror. 20-150 mm plates 
containing 7.2 million phage. The filters were probed 
with radiolabeled ZC2465, which was designed xrom the core 
sequence. The probe was hybridized at 37 C in 20% 
Ullrich's hybridization buffer (Ullrich et al., EMBOJ.3: 

15 361-364, 1984) and washed in 2X SSC (Maniatis et al, 

ibid.) at 50'C. Two potential positives, which appeared 
on duplicate lifts, were plaque purified and were 
designated clone 1.1 and clone 2.1. The cD!CA inserts from 
these lambda clones were subcloned into pVEGT' and 

20 sequenced by double-stranded dideoxy-chair. termination DNA 
sequence analysis. Sequence analysis of the cDNA inserts 
of clones 1.1 and 2.1 showed that the two clones were 
overlapping but incomplete and contained different 
sequences near the 5' ends and different coding 

25 capacities. 

D. Preparation of 3' Template cDNA For Amplification of 
3' AOAH coding sequences 

Complementary DNA was synthesized from U-937 

30 poly (A)+ RNA utilizing ZC2487 (Table 1) , which was 

designed to encode a oligo-d(T), Xho I, Sal I and Cla I 
primer. One microgram of U-937 poly (A; ^-enriched RNA in 2 
Ml water was mixed with 2 /il 10 mM Tris f cH 0.1 mM 

EDTA, heated at 65 *C for 3 minutes and quic>:-chilled in 

35 ice water. Two microliters of 5x buffer f50 nK Tris-HCl, 
pH 8.3, 75 mM KC1, 10 mM DTT, 3 mM MgCl 2 ) was nixed with 
0.5 /il 10 mM dNTP, 1 Ml of 5 pmole/Ml ZC24S7 for, 1.0 Ml of 
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water, and 0.5 fil 5 /iCi/fil a 32 P-dATP. The RNA solution was 
added to the reaction mixture and preincubated at 45 P C for 
5 minutes. One microliter of 200 unit/Ml MMLV(H-) reverse 
transcriptase was added after the preincubation, and the 
5 sample was incubated for 1 hour at 45 *C. After 

incubation, 1 #1 of 0.5 M EDTA and 1 (il of 5 N KOH were 
added to the samples, and the RNA was hydrolyzed by 
incubation at 65 *C for 15 minutes. 

10 E. Preparation of 5' Template cDNA For Amplification of 
5' AOAH coding sequences 

Complementary DNA was prepared to the 5' portion 
of the AOAH coding sequence using essentially the method 
of Frohman et al. (ibid.). Complementary DNA was 

15 synthesized from U-937 poly (A) + RNA utilizing the 

oligonucleotide primer ZC2487 encoding an antisense 
sequence corresponding to nucleotides B to ■;: of the core 
sequence shown in Table 4. One microgram cf poly (A) + - 
enriched RNA in 2 ill of water was mixed vith 2"/il 10 mM 

20 Tris, pH 7.0 + 0.1 mM EDTA, heated at 65 l Cfor 3 minutes 
and quick-chilled in ice water. Two microliters of 5x 
buffer was mixed with 0.5 ill 10 mM dNTP, 1 pi of 5 pmole//il 
ZC2634, 1.0 111 of water, and 0.5 /il 5 /iCi/pl a 32 P-dATP. 
The RNA solution was added to the reaction mixture and 

25 preincubated at 45'C for 5 minutes. One microliter of 200 
unit/ ill MMLV(H-) reverse transcriptase was added after the 
preincuabtion, and the sample was incubated for one hour 
at 45*C. After incubation, 1 ill of 0.25 M EDTA and 290 ill 
of 0.05 N KOH were added to the samples, and the RNA was 

30 hydrolyzed by incubation at 65*Cfor 15 minutes. 

The primers were removed from the cDNA sample by 
ultrafiltration through a Centricon Special YK-100 
ultrafiltration unit in the presence of 50 rJ-: KOH and 0.1 
mM EDTA using conditions described by the manufacturer. 

35 After filtration the DNA was ethanol precipitated with the 
aid of 5 fzg of oyster glycogen. The DNA was resuspended 
in 5.7 ill H2O. The DNA was G-tailed by mixing the 5.7 /il 
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of DNA with 0.3 ill of water, 2 fil of 5x TdT buffer (100 inM 
potassium cacodylate, pH 7.2, 2 mM CaCl 2/ 0.2 mM DTT, 1 
mg/ml BSA) and 1 #1 of 1 mM dGTP. After a pre- incubation 
of 5 minutes at 15 38.5 units of terminal 
5 deoxynucleotidyl transferase (obtained from Collaborative 
Research) was added to the reaction mixture. The 
incubation was continued for an additional three minutes, 
and 90 pi of 200 mM KaCl + 20 mM EDTA + 10 mM Tris pH 8.3 
was added to stop the reaction. The DNA was ethanol 
10 precipitated, washed with ethanol, and resuspended in 20 
/il of water. 

For second strand synthesis of the tailed cDNA, 
20 ill of the G-tailed DNA was mixed with 47 /il of water, 10 
111 of 10X PCR buffer (-MgCl 2 ) (500 mM HaCl , 100 mM Tris-Cl, 

15 pH 8.3 (at room temperature), 0.1 % gelarir.. . 16 til of 

1.25 mM dNTPs, 4 /il 50 mM MgCl2, 5 pinole cf ZC248S, which 
encodes a poly d(C), Xho I, Sal I, Cla I prir.er. After 
the sample was preincubated at 94 e C for b rr.inut.es, 5 units 
of Taq I were added followed by an oil* overlay. The 

20 incubation was continued at 40'C for 5 minutes, and 72 'C 
for 15 minutes. One microliter of 250 mM EDTA was added 
to stop the reaction, and the sample was chloroform 
extracted to remove the oil overlay. Five micrograms of 
oyster glycogen was added and the sample was ethanol 

25 precipitated. 

F. Enrichment of 5' and 3' Template cDNAs 

The 5' and 3' template cDNAs were fractionated 
by alkaline gel electrophoresis and the DKA from each gel 

30 fraction was PCR amplified to identify the gel fragments 
containing amplifiable AOAH coding sequences. An equal 
volume of 2x alkaline loading dye (60 nE NaOH, 4 mM EDTA, 
20% glycerol, and 60% by volume bromcrescl purple 
saturated with water) was added to the 2' template cDNA. 

35 Half of the DNA in the 5' template cDNA vas similarly 

prepared for electrophoresis and the DKA-cf the samples 
were fractionated on a 1% low melt alkaline agarose gel 
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(1% low-melt agarose in 30 niM NaOH + 2 inM EDTA) . " After 
electrophoresis, the agarose gel was cut into 12-0.5 cm 
fragments, representing DNA from 7,000 to 700 nucleotides 
for the 3' cDNA and in 8-1 cm fragments for the 5' cDNA. 
5 The gel fragments were melted at 65 *C. The melted gel 
fragments containing 3' template cDNA were diluted with 
400 fil water for the 3' cDNA. The melted gel fragments 
containing 5' cDNA were used directly. 

PGR amplification was performed with gel 

10 fragments 1 to 12 for the 3' cDNA and gel fragments 2 to 6 
for the 5' cDNA essentially as described by Frohman et al. 
(ibid.). Ten microliters each of the 3' template cDNA 
from fragments 1-12 was mixed with 10 Ml lOx PCR Buffer (- 
MgCl 2 ), 57 pi of water, 16 Ml of 1.23 mM dNTPs , 2 ill 50 mM 

15 MgCl2, 2 Ml of 5 pmol/Ml ZC2469 (encoding nucleotides 1 - 
22 of the core sequence) and 2 Ml of 5 pmol/Ml ZC2489 
(encoding the Xho I -Sal I-Cla I adaptor sequence) . One 
microliter each of the 5' template cDNA fron fragments 2-6 
were mixed with 10 Ml 10x PCR Buf fer (-MgCl 2 y , 66 Ml of 

20 water, 16 Ml of 1.25 mM dNTPs, 2 Ml of 50 ml-: MgCl 2 , 2 Ml of 
5 pmol/Ml ZC2634 and 2 Ml of 5 pmol/Ml of ZC2633. Five 
units of Taq I DNA polymerase were added to each mixture 
during the first 94 *C denaturation period, followed by a 
mineral oil overlay, and the mixtures were amplified 

25 according to the conditions set forth in Table 6. 

Table 6 

Conditions for the Amplifica tion of 3' DNA Sequences 

TWO CYCLE: 
30 94 *C for 1 minute 
50 *C for 2 minutes 
72 'C for 3 minutes 
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Tab?,? 5 cpnUnuea 

FORTY CYCLES: 
94 *C for 1 minute 
65 *C for 2 minutes 
5 72 'C for 3 minutes 

cnnditions for the Amplification of 5' DNA Sequent 

FORTY CYCLES: 
10 94 *C for 2 minutes 
72 *C for 4 minutes 

ONE CYCLE: 

72 'C for 4 minutes 

15 

Following amplification, 10 ill eacr. of the PCR 
reactions was electrophoresed on a 0.8* agarose gel after 
the addition of 2 ill of 5x loading dye (C.^o K Tris, 0.45 
M boric acid, 0.01 M EDTA, 50% glycerol, C.13* xylene 

20 cyanol, and 0.13% bromphenol blue). The gels were 
analyzed by visualization with ethidium bronide 
intercalation and UV-illuinination followed by Southern 
blot analysis. Analysis of 3' PCR products showed a few 
minor bands by staining with ethidium bromide, but none of 

25 them proved to be the DNA band of interest as revealed by 
Southern blot analysis using a kinased antisense probe 
(ZC2470) . The Southern blot hybridization pattern showed 
that the largest hybridizable band was at approximately 
1500 nucleotides. This 1500 nucleotide band was roost 

30 prominent from gel fragment #3, which contained template 

cDNA to 3000 nucleotides. The DNA eluted fror. fragment ?3 
was used in all additional experiments tc cctain the 3' 
AOAH coding sequences. 

Analysis of the PCR products produced from the 

35 5' PCR product did not reveal any DNA bands cy ethidium 

bromide staining. Southern analysis with a random-primed 
5' Eco Rl-Xba I fragment of AOAH cDNA clone 1.1 revealed a 
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hybridizable band at about 700 nucleotides from gel 
fragment #4. 

Amplification of DNA from fragment £3 using 
ZC2469 and ZC2489 occasionally produced small quantities 
5 of the desirable DNA fragments; however smaller 

hybridizable bands were often the sole PCR product. 
Similarly, it was difficult to reproducibly obtain the 
desired 5' AOAH PCR product. Finally, the PCR products 
would not clone via the restriction sites which were 

10 contained in the primers. Therefore the "Prime" sequence 
(described by Hagen in a co-pending commonly assigned US 
Patent Application Serial Number 07/320,191, which is 
incorporated by reference herein) was added to the primers 
and to facilitate the cloning of the PCR products after 

15 amplification. 

G. Amplification of 5' and 3' AOAH Coding Sequence 

The DNA from fragment #3 was amplified using 
oligonucleotides ZC2631 and ZC2632. The 2' reaction 

20 mixture was prepared as follows. One microliter of DNA 
from fragment #3 was mixed with 10 /xl lOx PCR Buffer (- 
MgCl 2 ), 76 fil of water, 16 ill of 1.25 mM dNTPs , 2 ill of 50 
mM MgCl 2 , 2 fil each of 5 pmol//il ZC2631 (the 5 'prime-sense 
primer) and 5 pmol//il ZC2632 encoding a prime sequence 

25 joined to the 3' end of the adapter sequence). 

The DNA from fragment #4 was amplified using 
oligonucleotides ZC2633 and ZC2634. The 5' reaction 
mixture was prepared as follows. One microliter of gel 
fragment #4 was mixed with 10 ill lOx PCR Buf fer(-MgCl2) r 

30 76 pi of water, 16 pi of 1.25 mM dNTPs , 2 ill of 50 mM 

MgCl2# 2 pi each of 5 pmol//il ZC2633 (the 5 ' prime-adapter 
primer) and 5 pmol/pl ZC2634 (the 3 'prime-antisense 
primer) . Five units of Taq I DNA polymerase and a mineral 
oil overlay were added to the sample during the 94 'C 

35 denaturation step of the first cycle. The reaction 

mixtures were amplified according the conditions set forth 
in Table 7. 
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conditions for Amplifying 5' and 3' Sequels Ug frnq Pfritt?- 

5 

FORTY CYCLES: 

94 *C for 2 minutes 

72 *C for 4 minutes 

10 ONE CYCLE: 

72 # C for 4 minutes 

After amplification, 10 /*1 of each sample was 
analyzed by agarose gel electrophoresis- Analysis of the 

15 gel revealed a minor band at 1500 nucleotides and major 

band at 800 for the 3' product. The amplification of the 
5' DNA did not produce sufficient amounts cf i' PCR 
product after one round of RACE to clone tne DNA, To 
produce enough 5' PCR product for subclonina , 10 y.1 of DNA 

20 from the first amplification reaction vas roar.pl ified for 
40 cycles, using the conditions set forth in Table 4. 
After amplification, all of the samples were chloroform, 
extracted followed by phenol/chloroform extraction. The 
DNAs were filtered on a Centricon Special YK100 

25 microfiltration unit followed by ethanol precipitation 
with oyster glycogen as carrier. The PCR products were 
resuspended in water. 

The PCR products were subcloned by treating the 
double-stranded DNA with T4 DNA polymerase in the presence 

30 of dATP to produce single-stranded prime sequences 

complementary to prime sequences present in the vector 
pVEGT'. The PCR product were each mixed v;ith 1 ill of 10>: 
T4 buffer, 1 (il of 1 mM dATP, 1 /il of 5C nK OIZ and 1 unit 
of T4 DNA polymerase- The reactions were incubated 1 hour 

35 at 15*C. The polymerase was heat denatured ai 65 C for 15 
minutes. 
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The T4 DNA polymerase cut-back PCR products were 
electrophoresed in a 0.8% low melt agarose gel, and the 
1500 bp and 800 bp bands were gel-purified. The cut-back 
DNA was ligated with the cut-back pVEGT'. Plasmid DNA was 
5 prepared from the transformants using the method 

essentially described by Holmes and Quigley (ibid.). 
Analysis of the plasmid DNA by Eco RI restriction analysis 
revealed 6 clones containing the 1500 bp 3' cDNA and 5 
clones containing the 800 bp 5' cDNA. DNA sequence 
10 analysis of these clones confirmed that the clones 

contained DNA sequences that overlapped the core sequence 
and comparison with the DNA sequence of the l.i and 1.2 
cDNA clones established a full length sequence of 2290 bp. 

15 H. Amplification of Full Length AOAH cDNA 

Full length cDNAs were generated by PCR 
amplification from the DNA from fragment =3 using 
oligonucleotide primers designed from sequences from the 
5' and 3' clones. Oligonucleotides ZC2703, encoding the 

20 prime sequence joined to the 5' end of the sequence of 

nucleotides 38 to 61 of Figure 1, and ZC2704, encoding the 
prime sequence joined to the 3' end of an antisense 
sequence corresponding to nucleotides 2175 to 2198 of 
Figure 1, were used in two separate series of PCR 

25 reactions to obtain two independently derived AOAH clones. 
In one reaction, 1 /xl of fragment #3 was amplified in a 
100 pi volume PCR reaction (IX Taq 1 DNA polymerase buffer 
(Promega Biotech), 200 /iM dNTP, 0.25 j/M of each primer, 
22.5 units/ml of Promega Biotech Taq 1 DNA polymerase) 

30 under the conditions set forth in Table 8. Ten 

microliters of the above-described reaction was subjected 
to a second round of amplification under conditions 
identical to those described above. The resulting PCR 
product was designated as C. In a second reaction, 10 /il 

3 5 of fragment #3 was used as the starting template for 2 
rounds of 30 cycles of PCR amplification identical to 
those described above except that the Promega Biotech Taq 
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1 DNA polymerase was used at a concentration of 45 
units/ml. The resulting PCR product was designated as 4. 

Table 8 

Conditio ns for Amplifying Full-length AOAH CDNA 

5 

THIRTY CYCLES: 

94 *C for 2 minutes 

72 *C for 4 minutes 

10 ONE CYCLE: 

72 # C for 4 minutes 

cool to room temperature 

After the two rounds of PCR as described above, 

15 samples C and 4 were extracted with chloroforn to remove 

the oil overlay. One hundred microliters of 20 mM Tris pH 
8.3 + 200 mM NaCl + 20 mM EDTA was added, and the solution 
was extracted with phenol-chloroform. The primers were 
separated from the PCR products by ultrafiltration with 

20 Amicon Centricon Special YM100 ultrafiltration device as 
described by the manufacture using water as the eluate. 
Five micrograms of oyster glycogen was added and the DNA 
was ethanol precipitated. The PCR products and the Eco 
Rl-linearized pDVEG (Example 1C) were exonucleased using 

25 T4 DNA polymerase to expose the prime sequences. As 

described in Example 2G, the PCR products were treated in 
a 10 ill T4 DNA polymerase reaction. After 1 hour, the 
samples were incubated for 15 minutes at 65. C to 
inactivate the polymerase. The DNA was elecrrophoresed on 

30 a 0.8% low melt agarose gel, and the amplified DNA was 

gel-purified. The cut-back PCR products vere each ligated 
to the cut-back pDVEG. 

The DNA was electroporated intc £. cjj,; DHSaF™ 
(Bethesda Research Labs) and plated. Plasr.id DKA was 

35 prepared, and the DNA analyzed by restrict :cr ; endonuclease 
analysis. One clone from C and one clone ire- 4 were 
chosen and designated C/26 and 4-33. Clones C/26 and 4-33 
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were sequenced by the dideoxy chain-termination method. 
The sequences of C/26 and 4-33 are shown in Figures 1 and 
2, respectively. 

5 I. Construction of a Consensus DNA Sequence. 

Because PGR synthesis can incorporate mutations 
into amplified DNA, depending on the number of cycles and 
conditions of DNA synthesis, it was necessary to be 
rigorous about establishing a consensus sequence. By 

10 comparing the sequences of the two full length PCR clones, 
the 5' AOAH PCR products, two 3' AOAH products, and the 
two partial cDNA clones, a consensus AOAH cDNA sequence 
was established as shown in Figure 3. A comparison of the 
sequences showed that clone 4-33 (Figure 2) had three PCR- 

15 induced mutations resulting in three amino acid changes 
and clone C/26 (Figure 1) had nine PCR- induced mutations 
resulting in seven amino acid changes. 

A consensus DNA sequence encoding AOAH was 
constructed from the AOAH clone 4-33 (Figure 2> which has 

20 the fewest (three) PCR-induced mutatidns: A to G at 

position 601, changing Serine 117 to Asparagine; A to G at 
position 1444, changing Arginine 398 to Glutamine ; T to C 
at position 1505, changing Serine 418 to Leucine. These 
lesions are corrected as follows to construct a consensus 

25 DNA sequence termed A0AH1 (Figure 4). 

Standard protocols for PCR template preparation 
and PCR reaction conditions were followed (Innis, Gelfand, 
Sninsky, and White, T.J. , eds. PCR Protocols . Academic 
Press, 1990). Specifically, the PCR template was a 2.2 kb 

30 Eco RI fragment of clone Zem229R-4-33 (Example 3). As 
shown in Figure 10, Oligonucleotides ZC3074, a sense 
primer which inserts a mammalian consensus ribosome 
binding site (encoding the nucleotide sequence CCACC) just 
upstream of the initiation Methionine, preceded by Sal I 

35 and Eco RI sites and encodes nucleotides 252 to 269 of 
Figure 2, and ZC3075, an antisense primer which 
corresponds to nucleotides 576 to 596 and inserts an Xho I 



WO 92/04444 



PCT/US91/06569 



53 



site at position 584, were synthesized and used to amplify 
4-33 DNA. After amplification, the DNA was digested with 
Eco RI and Xho I to isolate a 346 bp Eco Rl-Xho I fragment 
encoding nucleotides 2-348 of Figure 4. 
5 The mutations at positions 601 and 1444 of clone 

4-33 (Figure 2) were corrrected by PCR amplification using 
oligonucleotides ZC3076, a sense oligonucleotide primer 
corresponding to nucleotides 576 to 607 of Figure 1 which 
creates an Xho I site by making a silent nutation at 

10 position 584 and which corrects the mutation a: position 
601, and ZC3077, an antisense oligonucleotide primer 
corresponding to nucleotides of Figure 1 which creates a 
Bam HI site at position 1481 by making silent mutations at 
positions 1481, 1482 and 1483 and corrects the mutation at 

15 position 1444. As shown in Figure 10, the 1.1 kb Eco RI 
fragment of 4-33 DNA was subjected to PCR amplification 
using oligonucleotides ZC3076 and 3077. The amplified DNA 
was digested with Xho I and Bam HI to isolate an 897 bp 
Xho I-Bara HI fragment encoding nucleotides 24S to 1245 of 

20 Figure 4. 

The mutation at position 1505 of clone 4-3 3 was 
corrected by PCR amplification. As shown in Figure 10, 
oligonucleotides ZC3078, a sense primer corresponding to 
nucleotides 1473 to 1511 of Figure 2 which inserts the 

25 same Bam HI site as ZC3077 and corrects the mutation at 

position 1505 of Figure 2, and ZC3079, an antisense primer 
which corresponds to nucleotides 1967 to 1999 of Figure 2 
and which inserts Sal I and Eco RI sites immediately 
downstream of the stop codon were used to ar.pl ify 4-33 

30 DNA. The amplified DNA was digested with bar. HI and Sal I 
to isolate a 507 nucleotide Bam Hi-Sal I fragment encoding 
nucleotides 1246 to 1752 of Figure 4. 

The PCR products were subclones ir.tc pUC18 as 
shown in Figure 10. The Eco Rl-Xhc I fragment, comprising 

35 the 5' sequence of AOAH encoding nucleotides : to 348 of 
Figure 4, and the Xho I-Bam HI fragment, comprising an 
AOAH sequence corresponding to nucleoli aes i4£ to 1245 of 
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Figure 4 having the corrected sequence at positions 367 
and 1210 (corresponding to positions 602 and 1444 of 
Figure 1, respectively), were ligated together with Eco 
RI-Bam Hi-digested pUC18. The resulting plasmids were 
5 confirmed by sequence analysis. A clone having the 

correct insert was digestied with Eco RI and Bam HI to 
isolate the Eco RI-Bam HI fragment, comprising the AOAH 
sequence corresponding to positions 2 to 1245 of Figure 4. 
In a separate reaction, the Bam Hi-Sal I fragment, 

10 comprising an AOAH sequence corresponding to nucleotides 
1246 to 1752 of Figure 4 having the corrected sequence at 
position 1270 (corresponding to position 1504 of Figure 1) 
was ligated with Bam HI -Sal I -digested pUClE. 

After the AOAH-specif ic portions of the above 

15 ligation were confirmed by sequence analysis, the partial 
AOAH cDNA were reassembled in a mammalian expression 
vector as shown in Figure 10. The Bam HI-Eco RI fragment, 
comprising an AOAH sequence corresponding to nucleotides 
1246 to 1752 of Figure 4, was isolated fron a plasmid " 

20 clone having the correct insert. The Eco RI-Bam HI 

fragment and the Bam HI-Eco RI fragment were joined with 
Eco Rl-linearized Zem229R by ligation. The resulting 
plasmid containing the A0AH1 sequence from Figure 4 was 
designated pRS431 (Figure 10) . 

25 

Example 3 

Expression of AOAH in Cultured Mammalian Cells 
A, Construction of Mammalian Expression Vectors Zem229R- 
C/26 and Zem229R-4-33 

30 The AOAH cDNAs contained in plasmids C/26 and 4- 

33 were subcloned into the mammalian expression vector 
Zem229R. Plasmids C/26 and 4-33 were digested with Eco RI 
to isolate the AOAH cDNA. Plasmid Zem229R vas linearized 
by digestion with Eco RI and treated with calf alkaline 

35 phosphatase to prevent recircularization. The cDNAs from 
C/26 and 4-33 were each ligated with the linearized 
Zem229R. Plasmid clones having the C/26 and 4-33 inserts 



WO 92/04444 



PCT/US91/06569 



55 

in the correct orientation relative to the promoter were 
designated Zem229R-C/26 and Zem229R-4-33 , respectively. 
Plasmid Zem229R-C/26 and Zem229R-4-33 have been deposited 
as E. coli transformants with the American Type Culture 
5 Collection (Rockville, MD) . 

B. Construction of Acyloxyacyl Hydrolase DNA Sequences 
Containing A Synthetic Signal Sequence 

The partial 5' consensus DNA sequence subcloned 

10 into pUC18 as described in Example 2.1. was further 

modified to replace a portion of the native pre sequence 
with the amino acid sequence Pro-Gly-Ala-Trp-Ala (referred 
to hereinafter as PGAWA) , which was designed using the 
rules set forth by von Heinje (ibid.)- In addition, the 

15 synthetic leader was constructed both in the presence and 
the absence of the pro sequence. The partial 5' consensus 
AOAH DNA sequence present as an Eco Rl-Bar. HI insert in 
pUC18 described in Example 2.1. was digester v.ith Eco RI 
to isolate the approximately 1.25 kb fragner.-:. A portion 

20 of the 2.2 kb Eco RI fragment was amplified using the 
oligonucleotide primers ZC3202 and ZC3203 (Table 9). 
Approximately 50 to 100 jig of the Eco RI fragment in 2 /il 
of water was mixed with 50 pmoles of each printer, 8 /il of 
a solution containing 1.25 mM of each nucleotide 

25 triphosphate, 5 /il of lOx Cetus Buffer and 2.b units of 
Taq I polymerase. The reaction mixture was brought to a 
final volume of 50 /il with distilled water. The reaction 
mixture was subjected to two cycles of one ninute at 94 *C, 
one minute at 40'C and two minutes at 72 *C followed by 

30 twenty cycles of fifteen seconds at 94 *C, fifteen seconds 
at 55 - C and two minutes at 72 *C. The final cycle was 
follwed by a seven minute incubation at 72 C. The PCR 
product was gel purified and digested vritr. See 1 and Bgl 
II. The resulting 365 bp fragment was gel purified. 



35 
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Table 9 
ZC3202 

TTA ATT TTC TGG CAG ATC TTG GCC 

5 ZC3203 

TAG GGT GTG TAC TAG TGG TGT CTG 

ZC3112 

CGA ATT CCA CCA TGC AGT CCC CCT GGA AAA TCC TTA 
10 CGG TGG TGC CTC TAT TCT TGC TCC TGT CTC CA 

ZC3113 

GGC GCC TGG GCT TCT CCA GCC AAC GAT GAC CAG TCC 
AGG CCC AGC CTC TCG AAT GGG CAC ACC TGT GTA GGG 
15 TGT GTA 

ZC3114 

CTA GTA CAC ACC CTA CAC AGG TGI GCC CAT TCG AGA 
GGC TGG GCC TGG ACT GGT CAT CGT TGG CTG GAG AAG 
20 CCC A 

ZC3115 

GGC GCC TGG AGA CAG GAG CAA GAA TAG AGG CAC CAC 

f 

CGT AAG GAT TTT CCA GGG GGA CTG CAT GGT GGA ATT 
25 CGA GCT 

ZC3116 

CTA GAA GTG GTA GAA GAA AGA GAA GCG ACA TTT GTT 
CAC TCC CGG TTT TGG CCA A 

30 

ZC3117 

GAT CTT GGC CAA AAC CGG GAG TGA ACn AAT GTC GCA 
TCT CTT TCT TCT ACC ACT T 

35 ZC3118 

CTA GTA CAC ACC CTA CAC AGG TGT GCC CAT TCG AGA 
GAG CCC A 



• 
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Table 9 continued 
ZC3119 

GGC GCC TGG GCT CTC TCG AAT GGG CAC ACC TGT GTA 
GGG TGT GTA 

5 

Oligonucleotide adapters were designed to encode 
a pre sequence having PGAWA sequence with the pro 
sequence. Oligonucleotides ZC3112, ZC3113, ZC3114 and 
ZC3115 (Table 9) were designed to encode, vhen annealed, 

10 an Sst I-Spe I adapter encoding PGAWA sequence with the 
pro sequence. Oligonucleotides ZC3113 and ZC2115 (Table 
9) were kinased using the method essentially described by 
Sambrook et al. ( Molecular Cloning: A Laboratory Manual. 
Second Edition , Cold Spring Harbor, NY, 19S« ; which is 

15 incorporated herein by reference) . The kinase was heat 
inactivated, and the kinased oligonucleotides were nixed 
with oligonucleotides ZC3112 and ZC31I4 '7a:.. = S, . The 
Oligonucleotide mixuture was annealed oy nesting the 
reaction to 65 'C and allowing the mixture t: cocl to roor 

20 temperature for one hour. The 152 bp Sst I-Spe I adapter 
was purified by polyacrylamide gel electrophoresis. 
Oligonucleotides ZC3112, ZC3119, ZC3115 and ZC3118 (Table 
9) were designed to encode, when annealed, an Sst I-Spe I 
adapter encoding PGAWA sequence without the pro sequence. 

25 Oligonucleotides ZC3119 and ZC3115 (Table were kinased 
using the method essentially described by Sanbrook et al. 
(ibid.). The kinase was heat inactivated, and the kinased 
oligonucleotides were mixed with oligonucleotides ZC3112 
and ZC3118 (Table 9) . The oligonucleotide nixture was 

30 annealed by heating the reaction to t)5'C and allowing the 
mixture to cool to room temperature for one hour. The 119 
bp Sst I-Spe I adapter was purified by pciyacrylamide gel 
electrophoresis . 

The partial 5' consensus AOAH DJ.'A sequence, 

35 which was subcloned as an Eco RI-Ban KI intc pUClc 

(Example 2.1.) , was isolated as an approximately 1250 bp 
Eco RI-Bam HI fragment and was subcloned into Eco RI-Ban 
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HI digested pIC19H. The resultant plasmid was linearized 
by digestion with Bgl II and Sst I. The linearized Bgl 
II-Sst I fragment was ligated with the Spe I -Bgl II PCR- 
generated fragment and with either the 
5 ZC3112:ZC3119/ZC3115:ZC3118 adapter encoding the PGAWA 
without the pro sequence or the 

ZC3112:ZC3113/ZC3115:ZC3114 adapter encoding the PGAWA 
with the pro sequence to generate plasmids which were 
designated pCC-4-pro #4 and pCC-3+pro =1, respectively. 

10 Plasmids pCC-4-pro #4 and pCC-3+pro f1 were digested with 
Eco RI and Bam HI to isolate the approximately 1.25 kb 
fragments. The 3' consensus AOAH DNA sequence was 
obtained as an Bam HI-Eco RI fragment from the Bam Hl-Sal 
I subclone described in Example 2.1 and shown in Figure 

15 10. The Eco RI-Bam HI fragments from pCC-4-pro =4 and 
pCC-3+pro #1 were each subcloned with the Bar. HI-Eco RI 
fragment encoding the 3' consensus AOAH sequence into 
pZem229R which had been linearized by digestion with Eco 
RI. A plasmid comprising the complete AOAH cDKA sequence 

20 containing the pre sequence containing PGAWA v:ithout the 
pro sequence in pZem229R was designated pRS43 3 f and a 
plasmid comprising the complete AOAH cDNA sequence 
containing the pre sequence containing PGAWA with the pro 
sequence in pZem229R was designated pRS432. 

25 

C. Construction of Acyloxyacyl Hydrolase DNA Sequences 
Containing A Proteolytic Cleavage Sequence Between 
The Small and Large Subunit Sequences of AOAH 

30 The cDNA sequences present in plasnids pCC-4-pro 

#4 and pCC-3+pro ti were each modified to insert a 
proteolytic cleavage sequence between the sr.all and large 
subunit sequences. Plasmids pCC-4-prc =4 and pcC-3+pro =1 
were each digested with Eco RI and Bgl II rc isolate the 

35 vector-containing fragment. Plasmid pCC-s-prc =4 was 
digested with Eco RI and Xba I to isolate the 433 bp 
fragment, and pCC-3+pro *1 was digested with Eco RI and 
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Xba I to isolate the 466 bp. oligonucleotides ZC3116 and 
2C3117 (Table 9) , which were designed and synthesized to 
form an Xba I-Bgl II adapter encoding the proteolytic 
cleavage signal Arg-Arg-Lys-Arg (Sequence I.D. No. 12) 
5 were kinase and annealed using methods essentially 

described by Sambrook et al. (ibid.)« The Eco RI-Bgl II 
fragment of pCC-4-pro 14, the 433 bp Eco Rl-Xba I fragment 
of pCC-4-pro #4 and the ZC3116/ZC3117 adapter (Table 9) 
were ligated. A resulting plasmid was designated PGAWA- 

10 Pro + RRKR. The Eco RI-Bgl II fragment of pCC-3+pro Pi, 
the 466 bp Eco Rl-Xba I fragment of pCC-3-prc =1 and the 
ZC3116/ZC3117 adapter were ligated, A resulting plasmid 
was designated PGAWA+Pro + RRKR* Plasmids PGAWA-Pro + 
RRKR and PGAWA+Pro + RRKR were each digested v:ith Eco RI 

15 and Bam HI to isolate the AOAH coding sequences. The 3' 
consensus AOAH DNA sequence was obtained as a Bam HI-Eco 
RI fragment from the Bam Hi-Sal I subclone described in 
Example 2.1 and shown in Figure 10. The Leo RI-Bam HI 
fragment from PGAWA-Pro + RRKR and PGAWA+Prc - RRKR were 

20 each ligated with the Bam HI-Eco RI fragment encoding the 
3' consensus AOAH DNA sequence and pZem229R which had been 
linearized by digestion with Eco RI. A plasmid comprising 
the AOAH coding sequence with the synthetic pre sequence, 
the pro region and the proteolytic cleavage sequence was 

25 designated pRS434. A plasmid comprising the AOAH coding 
sequence with the synthetic pre sequence and the 
proteolytic cleavage sequence but lacking the pro sequence 
was designated pRS435. 

30 D. Expression of AOAH cDNAs in Mammalian Cells 

Plasmids Zem229R-C/26 and Zem229R-4-3 3 were 
transfected into BHK 570 cells (deposited v;ith the 
American Type Culture Collection under access ion number 
10314} using the calcium phosphate-mediated transfection 

35 method essentially described by Chen et al . t BioTechniq^e? 
6: 632:, 1988). After the transfected cells were grown 
for three days, 10 ml of media was taken for each 
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transfection and from a negative control and stored at 
4*C. The transfections and a negative control were 
trypsinized and resuspended in 10 ml of media and counted. 
The cells were centrifuged and the media was discarded. 
5 The cell pellet was resuspended in lx PBS (phosphate- 
buffered saline, Sigma Chemical Co., St. Louis, HO) + 0.1% 
Triton X-100 + 1 xaM EMSF to a concentration of 1 xlO 6 
cells/100 {il. The resuspended cells were lysed for 10 
minutes at room temperature and the lysates were 

10 centrifuged at 10,0000 rpm in a microfuge for 10 minutes 
at 4'C. The supernatants were removed and placed on ice. 

The duplicate spent media samples and duplicate 
lysate supernatants were assayed for AOAH activity using 
the method essentially described by Munford and Hall 

15 ( Science 234; 203-205, 198'6) . Briefly, 10G ul of media or 
lysate was added to 400 fil of reaction buffer, pH 4.8 
(1.25 mg/ml BSA, 0.625% Triton X-100, 187.5 r.M NaCl, 6.25 
mM CaCl2 # H20, 25 mM Tris-Base, 12,5 mK citric acid) 
containing 1 /xl 14 C/ 3 H-LPS Substrate. The reaction 

20 mixtures were incubated for approximately 1C hours at 
37 *C. After incubation, 1 ml of cold 100% ethanol was 
added and the mixtures were vortexed and chilled on ice 
for 45 minutes. The samples were centrifuged for 10 
minutes at 4*C at 10,000 rpm. One milliliter of 

25 supernatant from each sample was removed and lyophylized 
in a glass scintillation vial. Five milliliters of 
Optifluor scintillation fluid (Packard Instrument Co, 
Downers Grove, IL) was added and the samples were counted 
for 2 minutes on the tritium channel. The results of the 

30 assay are shown in Table 10. 
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Table 10 
AOAH Activity Assay Results 



Negative Control: 
reaction buffer 

Negative Control: 
BHK 570 cell media 



Positive Control: 

1 /il 1:100 dilution of purified AOAH 2799 

2984 

184 
153 

241 
175 



Negative Control: 
15 BHK 570 cells 



1S4 
1S1 



Zem229R-C/26 media 



20 Zem229R-C/26 cells 



193 
039 
4 50 
477 



25 



Zem229R-4-33 media 



Zem229R-4-33 cells 



193 
214 

2666 
3091 



30 As shown in Table 9, the Zein229F.-C'2 6 and 

Zem229R-4-33 transf ectants contained AOAH activity with 
Zem229R-C/26 transformants having only approximately 18% 
of the activity of the Zem229R-4-33 transfectants . 

Plasmids Zem229R-4-33 and pRS4 21 were each 

35 transfected into BHK 570 cells by calciur phosphate 

precipitation as described above. Transfectants were 
lysed and the lysates were assayed for activity 
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essentially as described above. As shown in Table 11, 
both the Zem229R-4-33 and the pRS431 transf ectants had 
AOAH activity with pRS431 transf ectants, which express the 
consensus AOAH1 sequence of Figure 4, having more than 
twice the activity as the Zem229R-4-33 transf ectants. 

Table 11 
AOAH Activ ity * asav Results 



Sample 



H 3 -fatty acid released, 
dPTO/ma c ell protein 



Zem229R-4-33 cells 
pRS431 cells 



2038 
4973 



The deacylation of LPS using the recombinant 
15 AOAH purified from Zem229R-4-33 transf ectants was measured 
as the maximal percent of tritiated fatty acids released 
from AOAH-treated f labeled LPS using a protocol 
essentially as described in U.S. Patent 4,929,604, which 
is incorporated herein by reference. 
20 Biosynthetically labeled LPS was deacylated with 

enzyme contained in an extract of Zem299-4-2 3 transf ected 
cells. An extract of cells that did not contain the 
transfected DNA was incubated with the LPS under identical 
conditions as a control. After incubation, the reaction 
25 mixtures were extracted with chlorof orra/methanol and the 
chloroform extracts (which contained the 3 H-fatty acids) 
were counted. Calculation of the percent of the 3 H 
radioactivity that was released from the LPS by the 
extract of Zem99-4-33 transfected cells indicated that 
30 approximately 27% of the fatty acids were removed; the 

extract of untransf ected cells removed less than 2%. This 
level of deacylation is consistent with the fact thath 
only one third of the fatty acyl chains in LPS are 
susceptible to cleavage by AOAH. In addition, in the same 
35 experiment a large excess of purified neutrophil AOAH 

released 27% of the tritiated fatty acids fror. the LPS. 
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Plasmid pRS431-transfected cells were step-wise 
amplified in medium containing first 10 jiM methotrexate 
and finally 25 /jM methotrexate. The AOAH produced from 
mammalian cells trans feet ed with pRS4 31 was activated In 
5 vitro using trypsin. AOAH produced from pRS4 31- 

transfected cells grown in serum free medium (Table 12) 
for five days was activated by the addition of 10 ill of 20 
fig/ml trypsin (Sigma, St. Louis, MO) and 80 til of buffer 
(lx PBS (Sigma, St. Louis, MO) + 0.1 % Triton X-100) to 

10 ten microliter aliquots of the spent serur. free medium. 
The reaction mixtures were incubated at 3G C for 20 
minutes. After incubation, 400 il! of activity asay 
mixture (Table 10) and 2 /ig of 3 H-LPS was added to each 
sample. The reaction mixtures were incubated at 37 'C for 

15 one hour. After incubation, the reaction fixtures were 
precipitated with the addition of 1 ml of cold ethanol. 
The precipitates were removed by centrif agaticn and the 
supernatants were counted. The results showed trypsin- 
activated AOAH had 10- to 30-fold more activity than 

20 untreated AOAH. 

Table 12 



Serum Free Medium 

5 ml 29.23 mg/ml L-glutamine 

25 5 ml 100 nH NaPyruvate 

12.5 ml 1 M Hepes 

500 pi 10 mg/ml insulin 

1 ml 5 mg/ml f etuin 

5000 fil 10 mg/ml transferrin 

30 375 /il 4 Mg/1 selenium 

5 ml 100X PSN (GIBCO-BRL, Gaithersburg , KD) 

500 nl 1 mM methotrexate 



Add the ingredients to 500 ml Dulbecco's Kinir.al Eagles 
35 Medium. Store at 4*C. 
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2qq m Tris-cjj,trfttg buffer 

2.42 g Tris base 
5 2.1 g citrate 

Dissolve the solids in distilled water and bring to a 
final volume of 100m. 

10 hQ%%vXty ftgsqv pujfffii; 

500 mg BSA (Sigma, St. Louis, MO) 

2.5 ml Triton X-100 

4.5 g NaCl 

15 0.367 g CaCl 2 *2H 2 0 

Dissolve in 200 mM Tris Citrate buffer and tring to a 
final volume of 400 ml. 

Plasmids pRS432, pRS433, pRS434 ana pRS435 were 

20 each transfected into BHK 570 cells as described 

previously. The selected transfectants and their spent 
media were assayed for AOAH activity using the method 
described above, and each transfectant was shown to 
produce active AOAH. 

25 From the foregoing it will be appreciated that, 

although specific embodiments of the invention have been 
described herein for purposes of illustration, various 
modifications may be made without deviating from the 
spirit and scope of the invention. Accordingly, the 

30 invention is not limited except as by the appended claims, 
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WHAT IS CLAIMED IS: 

1. An isolated DNA sequence encoding acyloxyacyl 
hydrolase wherein said acyloxyacyl hydrolase comprises a small 
subunit and a large subunit. 

2. An isolated DNA sequence according to claim 1 
wherein said DNA sequence is a cDNA sequence 

3. A DNA sequence according to clair. 1 wherein 
said DNA sequence comprises the DNA sequence cf Figure 1 from 
nucleotide 354 to nucleotide 1976, the DNA sequence of Figure 
2 from nucleotide 354 to nucleotide 1976, the DKA sequence of 
Figure 3 from nucleotide 389 to nucleotide 2011 or the DNA 
sequence of Figure 4 from nucleotide 120 to nucleotide 1742. 

4. A DNA sequence according to clair. 1 wherein 
said acyloxyacyl hydrolase comprises the aninc acid sequence 
of Figure 1 from Leucine, number 35 to Histidine, number 575; 
the amino acid sequence of Figure 2 from Leucine, number 35 to 
Histidine, number 575; the amino acid sequence cf Figure 3 
from Leucine, number 35 to Histidine, number S*r-s or the amino 
acid sequence of Figure 4 from Leucine, number 35 to 
Histidine, number 575, 

5. A DNA sequence according to clair, 1 wherein 
said DNA sequence further encodes between the small and large 
subunits the amino acid sequence (Ri) n " R 2" R 3' wherein R 1# R2 
and R 3 are Lys or Arg and n = 0, 1, 2, 3, or 4. 

6. An isolated DNA sequence encoding the small 
subunit of acyloxyacyl hydrolase. 

7. An isolated DNA sequence according to clair. 6 
wherein said DNA sequence is a cDNA sequence 

8. A DNA sequence according to clair. £ wherein 
said DNA sequence comprises a DNA sequence cf Figure 1 from 
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nucleotide 354 to nucleotide 713, the DNA sequence of Figure 2 
from nucleotide 354 to nucleotide 713, the DNA sequence of 
Figure 3 from nucleotide 389 to nucleotide 748 or the DNA 
sequence of Figure 4 from nucleotide 120 to nucleotide 479. 

9. A DNA sequence according to claim 6 wherein 
said small eubunit of acyloxyacyl hydrolase comprises the 
amino acid sequence of Figure 1 from Leucine, number 35, to 
Arginine, number 154; the amino acid sequence of Figure 2 from 
Leucine, number 35, to Arginine, number 154; the amino acid 
sequence of Figure 3 from Leucine, number 35, to Arginine, 
number 154 or the amino acid sequence of Figure 4 from 
Leucine, number 35, to Arginine, number 154. 

10. An isolated DNA sequence encoding the large 
subunit of acyloxyacyl hydrolase. 

11. An isolated DNA sequence according to claim 10 
wherein said DNA sequence is a cDNA sequence 

12. A DNA sequence according to claim 10 wherein 
said DNA sequence comprises a DNA sequence encoding the DNA 
sequence of Figure 1 from nucleotide 720 to nucleotide 1976, 
the DNA sequence of Figure. 2 from nucleotide 7 20 to nucleotide 
1976, the DNA sequence of Figure 3 from nucleotide 755 to 
nucleotide 2011 or the DNA sequence of Figure 4 from 
nucleotide 486 to nucleotide 1742. 

13. A DNA sequence according to claim 10 wherein 
said large subunit of acyloxyacyl hydrolase comprises the 
amino acid sequence of Figure 1 from Serine, number 157, to 
Histidine, number 575; the amino acid sequence cf Figure 2 
from Serine, number 157, to Histidine number 57 5; the amino 
acid sequence of Figure 3 from Serine, number 157, to 
Histidine, number 575 or the amino acid sequence of Figure 4 
from Serine, number 157, to Histidine, number 575. 
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14. A DNA construct comprising the following 
operably linked elements: 

a transcriptional promoter; 

a DNA sequence encoding acyloxyacyl hydrolase 
wherein said DNA sequence encodes a small subunit and a large 
subunit; and 

a transcriptional terminator. 

15. A DNA construct according to clair 14 wherein 
said DNA construct further comprises at least one secretory 
signal sequence operably linked to said DNA sequence encoding 
acyloxyacyl hydrolase. 

16. A DNA construct according to clair. 15 wherein 
said secretory signal sequence comprises the acyloxyacyl 
hydrolase secretory signal sequence, the tissue plasminogen 
activator secretory signal sequence, the a-2 pissr.in inhibitor 
secretory signal sequence, the Saccharomvces £$xe\>xsjae SARI 
secretory signal sequence or the Saccharomvces cerey&gAae 
secretory signal sequence. 

17. A DNA construct according to clair. 16 wherein 
said DNA construct further comprises a DNA sequence encoding 
the C-terminal domain of the Saccharomvces yerevAsiae gARl 
gene operably linked to said DNA sequence. 

18. A DNA construct according to claim 15 wherein 
said secretory signal sequence encodes the amino acid sequence 
Met-Glu-Ser-Pro-Trp-Lys-Ile-Leu-Thr-Val-Ala-Pro-Leu-Phe-Leu- 
Leu-Leu-Ser-Pro-Gly-Ala-Trp-Ala-Ser-Pro-Ala-Asn-Asp-Asp-Gln- 
Ser-Arg-Pro-Ser or Met-Glu-Ser-Pro-Trp-Lys-Ile-Leu-Thr-Val- 
Ala-Pro-Leu-Phe-Leu-Leu-Leu-Ser-Pro-Gly-Ala-Trp-Al a . 

19. A DNA construct according to clair. 14 wherein 
said DNA sequence further encodes between said snail and large 
subunits the amino acid sequence (Ri) n ~ R 2~ R 3' '--herein R 1# R2 
and R3 are Lys or Arg and n = 0, 1, 2 or 3. 
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20. A DNA construct according to claim 14 wherein 
said DNA sequence comprises the DNA sequence of Figure 1 from 
nucleotide 354 to nucleotide 1976, the DNA sequence of Figure 
2 from nucleotide 354 to nucleotide 1976, the DNA sequence of 
Figure 3 from nucleotide 389 to nucleotide 2011 or the DNA 
sequence of Figure 4 from nucleotide 120 to nucleotide 1742. 

21. A DNA construct according to clain 14 wherein 
said acyloxyacyl hydrolase comprises the amino acid sequence 
of Figure 1 from Leucine, number 35 to Histidine, number 575; 
the amino acid sequence of Figure 2 from Leucine, number 35 to 
Histidine, number 575? the amino acid sequence of Figure 3 
from Leucine, number 35 to Histidine,. number 575 or the amino 
acid sequence of Figure 4 from Leucine, number 3 5 to 
Histidine, number 575. 

22. A DNA construct comprising the following 
ope r ably linked elements: 

a transcriptional promoter; 

a DNA sequence encoding the small subunit of 
acyloxyacyl hydrolase; and 

a transcriptional terminator. 

23. A DNA construct according to clain 22 wherein 
said DNA construct further comprises at least one secretory 
signal sequence operably linked to said DNA sequence encoding 
the small subunit of acyloxyacyl hydrolase. 

24. A DNA construct according to claim 23 wherein 
said secretory signal sequence comprises the acyloxyacyl 
hydrolase secretory signal sequence, the tissue plasminogen 
activator secretory signal sequence, the cr-2 plasr.in inhibitor 
secretory signal sequence, the SftCPhflrProV^es ceyeyjs^e fi&El 
secretory signal sequence or the Saccharomyces cerevisiae MFal 
secretory signal sequence. 
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25. A DNA construct according to claim 24 wherein 
said DNA construct further comprises a DNA sequence encoding 
the C-terminal domain of the Saccharomvces cerevisiae 

gene operably linked to said DNA sequence. 

26. A DNA construct according to claim 23 wherein 
said secretory signal sequence encodes the amino acid sequence 
Met-Glu-Ser-Pro-Trp-Lys-Ile-Leu-Thr-Val-Ala-Pro-Leu-Phe-Leu- 
Leu-Leu-Ser-Pro-Gly-Ala-Trp-Ala-Ser-Pro-Ala-Asn-Asp-Asp-Gln- 
Ser-Arg-Pro-Ser or Met-Glu-Ser-Pro-Trp-Lys-Ile-Leu-Thr-Val- 
Ala-Pro-Leu-Phe-Leu-Leu-Leu-Ser-Pro-Gly-Ala-Trp-Ala. 

27. A DNA construct according to clair. 22 wherein 
said DNA sequence comprises the DNA sequence cf Figure 1 from 
nucleotide 354 to nucleotide 713, the DNA sequence of Figure 2 
from nucleotide 354 to nucleotide 713, the DKA sequence of 
Figure 3 from nucleotide 389 to nucleotide 74 S cr the DNA 
sequence -of Figure 4 from nucleotide 120 to nucleotide 4-79. 

28. A DNA construct according to clair. 22 wherein 
said small subunit of acyloxyacyl hydrolase comprises the 
amino acid sequence of Figure 1 from Leucine, number 35 , to 
Arginine, number 154; the amino acid sequence cf Figure 2 from 
Leucine, number' 35, to Arginine number 154; the amino acid 
sequence of Figure 3 from Leucine, number 35, to Arginine, 
number 154 or the amino acid sequence of Figure 4 from 
Leucine, number 35, to Arginine, number 154. 

29. A DNA construct comprising the following 
operably linked elements: 

a transcriptional promoter; 

a DNA sequence encoding the large subunit of 
acyloxyacyl hydrolase; and 

a transcriptional terminator . 

30. A DNA construct according to clair. 29 wherein 
said DNA construct further comprises at least one secretory 
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signal sequence operably linked to said DNA sequence encoding 
the large subunit of acyloxyacyl hydrolase. 

31. A DNA construct according to claim 30 wherein 
said secretory signal sequence comprises the acyloxyacyl 
hydrolase secretory signal sequence, the tissue plasminogen 
activator secretory signal sequence, the o-2 plasmin inhibitor 
secretory signal sequence, the Saccharomvces cerevisiae BAR1 
secretory signal sequence or the Saccharomvces cerevisiae M£ttl 
secretory signal sequence. 

32. A DNA construct according to clain 31 wherein 
said DNA construct further comprises a DNA sequence encoding 
the C-terminal domain of the Saccharomvces cerevisiae BAR1 
gene operably linked to said DNA sequence. 

33. A DNA construct according to clain 30 wherein 
said secretory signal sequence encodes the amino acid sequence 
Met-Glu-Ser-Pro-Trp-Lys-Ile-Leu-Thr-Val-Ala-Prc-Leu-Phe-Leu- 
Leu-Leu-Ser-Pro-Gly-Ala-Trp-Ala-Ser-Pro-Ala-Asn-Asp-Asp-Gln- 
Ser-Arg-Pro-Ser or Met-Glu-Ser-Pro-Trp-Lys-Ile-Leu-Thr-Val- 
Ala-Pro-Leu-Phe-Leu-Leu-Leu-Ser-Pro-Gly-Ala-Trp-Ala. 

34. A DNA construct according to claim 29 wherein 
said DNA sequence comprises the DNA sequence of Figure 1 from 
nucleotide 720 to nucleotide 1976, the DNA sequence of Figure 
2 from nucleotide 720 to nucleotide 1976, the DNA sequence of 
Figure 3 from nucleotide 755 to nucleotide 2011 or the DNA 
sequence of Figure 4 from nucleotide 486 to nucleotide 1742. 

35. A DNA construct according to clain 29 wherein 
said large subunit of acyloxyacyl hydrolase comprises the 
amino acid sequence of Figure 1 from Serine, nunber 157, to 
Histidine, number 575; the amino acid sequence cf Figure 2 
from Serine, number 157, to Histidine number 575; the amino 
acid sequence of Figure 3 from Serine, number 157, to 



WO 92/04444 



PCT/US91/06569 



71 

Histidine, number 575 or the amino acid sequence of Figure 4 
from Serine, number 157, to Histidine, number 575. 

36. A cultured eukaryotic host cell containing a 
DNA construct comprising the following operably linked 
elements: 

a transcriptional promoter; 

an isolated DNA sequence encoding acyloxyacyl 
hydrolase wherein said DNA sequence encodes a snail subunit 
and a large subunit; and 

a transcriptional terminator. 

37. A eukaryotic cell according to claim 36 wherein 
the DNA construct further comprises a secretory signal 
sequence operably linked to said DNA sequence encoding 
acyloxyacyl hydrolase. 

38. A eukaryotic cell according tc clain 37 wherein 
said secretory signal sequence comprises the acyloxyacyl 
hydrolase secretory signal sequence, the tissue plasminogen 
activator secretory signal sequence, the a-2 plasmin inhibitor 
secretory signal sequence, the saccharomvces c$x$vj$i$$ MBi 
secretory signal sequence or the Saccharomvces gerevis jag Mfal 
secretory signal sequence. 

39. A eukaryotic cell according to claim 38 wherein 
said DNA construct further comprises a DNA sequence encoding 
the C-terminal domain of the Saccharomvces ceyevisjae £&B1 
gene operably linked to said DNA sequence. 

40. A eukaryotic cell according tc clair. 3 6 wherein 
said secretory signal sequence encodes the ar.inc acid sequence 
Met-Glu-Ser-Pro-Trp-Lys-Ile-Leu-Thr-Val-Ala-Prc-^eu-Phe-Leu- 
Leu-Leu-Ser-Pro-Gly-Ala-Trp-Ala-Ser-Pro-Ala-Asr.-Asp-Asp-Gln- 
Ser-Arg-Pro-Ser or Met-Glu-Ser-Pro-Trp-Lys-Ile-Leu-Thr-Val- 
Ala-Pro-Leu-Phe-Leu-Leu-Leu-Ser-Pro-Gly-Ala-Trp-Ala. 
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41. A eukaryotic cell according to claim 36 wherein 
said DNA sequence comprises the DNA sequence of Figure 1 from 
nucleotide 354 to nucleotide 1976, the DNA sequence of Figure 
2 from nucleotide 354 to nucleotide 1976, the DNA sequence of 
Figure 3 from nucleotide 389 to nucleotide 2011 or the DNA 
sequence of Figure 4 from nucleotide 120 to nucleotide 1742. 

42. A eukaryotic cell according to claim 36 wherein 
said acyloxyacyl hydrolase comprises the amino acid sequence 
of Figure 1 from Leucine, number 35, to Histidine, number 575; 
the amino acid sequence of Figure 2 from Leucine, number 35, 
to Histidine, number 575; the amino acid sequence of Figure 3 
from Leucine, number 35, to Histidine, number 57 5 or the amino 
acid sequence of Figure 4 from Leucine, number 2S, to 
Histidine, number 575. 

43. A eukaryotic cell according tc clain 36 wherein 
said cell is a cultured mammalian cell or a yeast, cell. 

44. A eukaryotic cell according to clain 36 wherein 
said DNA sequence further encodes the amino acid sequence 

( R l)n~ R 2~ R 3* wherein R^, R2 and R 3 are L Y S or Ar 9 an{ * n = 0, 
1, 2 or 3, between said small and large subunits. 

45. A eukaryotic host cell transformed or 
transfected with a fir6t DNA construct containing the 
information necessary to direct the expression of the large 
subunit of acyloxyacyl hydrolase and a second DNA construct 
containing the information necessary to direct the expression 
of the small subunit of acyloxyacyl hydrolase. 

46. A eukaryotic cell according to claim 45 wherein 
said cell is a cultured mammalian cell or a yeast cell. 

47. A eukaryotic cell containing a first DNA 
construct containing the information necessary to direct the 
secretion of the large subunit of acyloxyacyl hydrolase and a 
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second DNA construct containing the information necessary to 
direct the secretion of the small subunit of acyloxyacyl 
hydrolase. 

48. A eukaryotic cell according to claim 47 wherein 
said cell is a cultured mammalian cell or a yeast cell. 

49. A method for producing acyloxyacyl hydrolase 
comprising the steps of: 

(a) growing cultured eukaryotic cells transformed 
or transfected with a DNA construct contain ir.a -he information 
necessary to direct the expression of acyloxyacy; hydrolase; 
and 

(b) isolating the acyloxyacyl hydrolase from said 

cells. 

50. A method according to clair. l< v.nerein said 
eukaryotic cells are cultured mammalian cells cr yeast cells. 

51. A method for producing acyloxya:/. Hydrolase 

comprising the steps of: 

(a) growing eukaryotic cells transformed or 
transfected with a DNA construct containing the information 
necessary to direct the secretion of acyloxyacyl hydrolase; 
and 

(b) isolating the acyloxyacyl hydrolase from said 

cells. 

52. A method according to claim 51 wherein said 
eukaryotic cells are cultured mammalian cells cr yeast cells. 

53. A method for producing acyloxyacyl hydrolase 

comprising the steps of: 

(a) growing eukaryotic cells iransrcrreu or 
transfected with a first DNA construct conraininn the 
information necessary to direct the expression of the large 
subunit of acyloxyacyl hydrolase and a second Dlik construct 
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containing the information, necessary to direct the expression 
of the small subunit of acyloxyacyl hydrolase; and 

(b) isolating the acyloxyacyl hydrolase from the 

cells. 

54. A method according to claim 53 wherein said 
eukaryotic cells are cultured mammalian cells or yeast cells. 

55. A method for producing acyloxyacyl hydrolase 
comprising the steps of: 

(a) growing eukaryotic cells transformed or 
transfected with a first DNA construct containing the 
information necessary to direct the secretion of the large 
subunit of acyloxyacyl hydrolase and a second DNA construct 
containing the information necessary to direct the secretion 
of the small subunit of acyloxyacyl hydrolase; and 

(b) isolating the acyloxyacyl hydrolase from the 

cells. 

56. A method according to claim 55 vhereih said 
eukaryotic cells are cultured mammalian cells or yeast cells. 

57. A method for treating a mammal with a gram- 
negative bacterial sepsis comprising administering to said 
animal a therapeutically effective amount of recombinant 
acyloxyacyl hydrolase. 
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lie Ser Pro Glu Trp He Thr Ala Ser Gin Met Ser Leu Asn Ser Phe 

1115 1124 1133 1142 1151 

ATC AAT CTA CCA ACA GCC CTT ACC AAC GAG CTT GAC TGG CCC CAA CTC 
He Asn Leu Pro Thr Ala Leu Thr Asn Glu Leu Asp Trp Pro Gin Leu 
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TCT GGT GCT ACA GGA TTT CTG GAC TCC ACT GTT GGA ATT AAA GAA AAA 
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TGGGTAAACT CATTCCACAA ACCCTATGGG GGCTGCCACG TCACAGGCCC AAAGGACTCT 

2090 2099 2109 2119 2129 2139 

TCTTCAGCAG CATCTTTGCA AAATGTCTTT CTCTCAATGA AGAGCATATC TGGACGACTG 



2150 2159 
TGCAATGCTG TGTGCTC 
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CCC TGG AAA ATC CTT ACG GTG GCG CCT CTA TTC TTG CTC CTG TCT CTT 

Pro Trp Lys lie Leu Thr Val Ala Pro Leu Phe Leu Leu Leu Ser Leu 

352 361 370 379 388^ 

CAG TCC TCG GCC TCT CCA GCC AAC GAT GAC CAG TCC AGG CCC AGC XJC 

Gin Ser Ser Ala Ser Pro Ala Asn Asp Asp Gin Ser Arg Pro Ser Leu 

397 406 415 424 433 

TCG AAT GGG CAC ACC TGT GTA GGG TGT GTG CTG GTG GTG TCT GTA ATA 

Ser Asn Gly His Thr Cys Val Gly Cys Val Leu Val Val Ser Val lie 

442 451 460 469 478 487 

GAA CAG CTT GCT CAA GTT CAC AAC TCG ACG GTC CAG GCC TCG ATG GAG 

Glu Gin Leu Ala Gin Val His Asn Ser Thr Val Gin Ala Ser Met Glu 

496 505 514 523 532 

AGA CTG TGC AGC TAC CTG CCT GAA AAA CTG TTC TTG AAA ACC ACC TGC 

Arg Leu Cys Ser Tyr Leu Pro Glu Lys Leu Phe Leu Lys Thr Thr Cys 

541 550 559 568 577 

TAT TTA GTC ATT GAC AAG TTT GGA TCA GAC ATC ATA AAA CTG CTT AGC 

Tyr Leu Val He Asp Lys Phe Gly Ser Asp He He Lys Leu Leu Ser 

586 595 604 613 622 631 

GCA GAT ATG AAT GCT GAT GTG GTA TGT CAC ACT CTG GAG TTT TGT AAA 

Ala Asp Net Asn Ala Asp Val Val Cys His Thr Leu Glu Phe Cys Lys 

640 649 658 667 676 

CAG AAC ACT GGC CAA CCA TTG TGT CAT CTC TAC CCT CTT CCC AAG GAG 

Gin Asn Thr Gly Gin Pro Leu Cys His Leu Tyr Pro Leu Pro Lys Glu 

685 694 703 712 721 

ACA TGG AAA TTT ACA CTA CAG AAG GCA AGA CAA ATT GTC AAG AAG TCC 

Thr Trp Lys Phe Thr Leu Gin Lys Ala Arg Gin lie Val Lys Lys Ser 

730 739 748 ^757 766 775 

CCG ATT CTG AAA TAT TCT AGA AGT GGT TCT GAC ATT TGT TCA CTC CCG 

Pro lie Leu Lys Tyr Ser Arg Ser Gly Ser Asp He Cys Ser Leu Pro 

F/a 3A. 
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1019 1027 1036 1045 1054 1063 

TAT GAG AAG AAA TTC TGT GAA GGT TCA CAG CCC AGG GGA ATC ATT TTG 
Tyr Glu Lys Lys Phe Cys Glu Gly Ser Gin Pro Arg Gly He He Leu 

1072 1081 - 1090 1099 1108 

CTG GGA GAC TCA GCT GGG GCT CAT TTT CAC ATC TCT CCT GAA TGG ATC 
Leu Gly Asp Ser Ala Gly Ala His Phe His He Ser Pro Glu Trp He 

1117 1126 1135 1144 1153 

ACA GCG TCG CAG ATG TCT TTG AAC TCT TTC ATC AAT CTA CCA ACA GCC 
Thr Ala Ser Gin Met Ser Leu Asn Ser Phe He Asn Leu Pro Thr Ala 

1163 1171 1180 1189 1198 1207 

CTT ACC AAC GAG CTT GAC TGG CCC CAA CTC TCT GGT GCT ACA GGA TTT 
Leu Thr Asn Glu Leu Asp Trp Pro Gin Leu Ser Gly Ala Thr Gly Phe 

1216 1225 1234 1243 1252 

CTG GAC TCC ACT GTT GGA ATT AAA GAA AAA TCT ATT TAC CTT CGC TTA 
Leu Asp Ser Thr Val Gly He Lys Glu Lys Ser lie Tyr Leu Arg Leu 

1261 1270 1279 1288 1297 

TGG AAA AGA AAC CAC TGT AAT CAC AGG GAC TAC CAG AAT ATT TCA AGA 
Trp Lys Arg Asn His Cys Asn His Arg Asp Tyr Gin Asn He Ser Arg 

1307 1315 1324 1333 1342 1351 

AAT GGT GCA TCT TCC CGA AAC CTG AAG AAA TTT ATA GAA AGC TTG TCT 
Asn Gly Ala Ser Ser Arg Asn Leu Lys Lys Phe He Glu Ser Leu Ser 

1360 1369 1378 1387 1396 

AGA AAC AAG GTG TTG GAC TAT CCC GCC ATC GTT ATA TAT GCC ATG ATT 
Arg Asn Lys Val Leu Asp Tyr Pro Ala He Val He Tyr Ala Met He 

1405 1414 1423 1432 1441 

GGA AAT GAT GTC TGC AGT GGG AAG AGT GAC CCA GTC CCA GCC ATG ACC 
Gly Asn Asp Val Cys Ser Gly Lys Ser Asp Pro Val Pro Ala Met Thr 

F/a 3B. 
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1451 1459 1468 1477 1486 1495 

ACT CCT GAG AAA CTC TAC TCC AAC GTC ATG CAG ACT CTG AAG CAT CTA 
Thr Pro Glu Lys Leu Tyr Ser Asn Val Met Gin Thr Leu Lys His Leu 

1504 1513 1522 1531 1540 

AAT TCC CAC CTG CCC AAT GGC AGC CAT GTT ATT TTG TAT GGC TTA CCA 
Asn Ser His Leu Pro Asn Gly Ser His Val He Leu Tyr Gly Leu Pro 

1549 1558 1567 1576 1585 

GAT GGA ACC TTT CTC TGG GAT AAT TTG CAC AAC AGA TAT CAT CCT CTC 
Asp Gly Thr Phe Leu Trp Asp Asn Leu His Asn Arg Tyr His Pro Leu 

1595 1603 1612 1621 1630 1639 

GGC CAG CTA AAT AAA GAC ATG ACC TAT GCG CAG TTG TAC TCC TTC CTG 
Gly Gin Leu Asn Lys Asp Net Thr Tyr Ala Gin Leu Tyr Ser Phe Leu 

1648 1657 1666 1675 1684 

AAC TGC CTC CAG GTC AGC CCC TGC CAC GGC TGG ATG TCT TCC AAC AAG 
Asn Cys Leu Gin Val Ser Pro Cys His Gly Trp Met Ser Ser Asn Lys 

1693 1702 1711 1720 1729 

ACG TTG CGG ACT CTC ACT TCA GAG AGA GCA GAG CAA CTC TCC AAC ACA 
Thr Leu Arg Thr Leu Thr Ser Glu Arg Ala Glu Gin Leu Ser Asn Thr 

1739 1747 1756 1765 1774 1783 

CTG AAA AAA ATT GCA GCC AGT GAG AAA TTT ACA AAC TTC AAT CTT TTC 
Leu Lys Lys He Ala Ala Ser Glu. Lys Phe Thr Asn Phe Asn Leu Phe 

1792 1801 1810 1819 1828 

TAC ATG GAT TTT GCC TTC CAT GAA ATC ATA CAG GAG TGG CAG AAG AGA 
Tyr Met Asp Phe Ala Phe His Glu He He Gin Glu Trp Gin Lys Arg 

1837 1846 1855 1864 1873 

GGC GGA CAG CCC TGG CAG CTC ATC GAG CCC GTG GAT GGA TTC CAC CCC 
Gly Gly Gin Pro Trp Gin Leu He Glu Pro Val Asp Gly Phe His Pro 

1883 1891 1900 1909 1918 1927 

AAC GAG GTG GCT TTG CTG TTG TTG GCG GAT CAT TTC TGG AAA AAG GTG 
Asn Glu Val Ala Leu Leu Leu Leu Ala Asp His Phe Trp Lys Lys Val 

1936 1945 1954 1963 1972 

CAG CTC CAG TGG CCC CAA ATC CTG GGA AAG GAG AAT CCG TTC AAC CCC 
Gin Leu Gin Trp Pro Gin He Leu Gly Lys Glu Asn Pro Phe Asn Pro 

1981 1990 1999 2008 2014 

CAG An AAA CAG GTG TTT GGA GAC CAA GGC GGG CAC TGA GCCTCTC 
Gin He Lys Gin Val Phe Gly Asp Gin Gly Gly His 

2024 2034 2044 2054 2064 2074 

AGGAGCATGC ACCCCTGGGG AGCACAGGGA GGCAGAGGCT TGGGTAAACT CATTCCACAA 

2084 2094 2104 2114 2124 2134 

ACCCTATGGG GGCTGCCACG TCACAGGCCC AAAGGACTCT TCTTCAGCAG CATCTTTGCA 

2144 2154 2164 2174 2184 2194 

AAATGTCTTT CTCTCAATGA AGAGCATATC TGGACGACTG TGCAATGCTG TGTGCTCCCG 

F/a 3C 
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2204 2214 2224 2234 2244 2254 

GGATCAGTAA CCCTTCCGCT GTTGCTGAAA TAACCTTTCA TAAAGTGCTT TGGGTGCCAT 

2264 2274 2284 

TCCAAAAAAA AAAAAAAAAA AAAAAAAAAA 
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10 20 29 38 47 

GAATTCGTCG ACCACC ATG CAG TCC CCC TGG AAA ATC CTT ACG GTG GCG 

Met Gin Ser Pro Trp Lys He Leu Thr Val Ala 

56 65 74 83 92 

CCT CTA TTC TTG CTC CTG TCT CTT CAG TCC TCG GCC TCT CCA GCC AAC 
Pro Leu Phe Leu Leu Leu Ser Leu Gin Ser Ser Ala Ser Pro Ala Asn 

101 110 ligJr 128 137 146 

GAT GAC CAG TCC AGG CCC AGC CTC TCG AAT GGG CAC ACC TGT GTA GGG 
Asp Asp Gin Ser Arg Pro Ser Leu Ser Asn Gly His Thr Cys Val Gly 

155 164 173 182 191 

TGT GTG CTG GTG GTG TCT GTA ATA GAA CAG CTT GCT CAA GTT CAC AAC 
Cys Val Leu Val Val Ser Val He Glu Gin Leu Ala Gin Val His Asn 

200 209 218 227 236 

TCG ACG GTC CAG GCC TCG ATG GAG AGA CTG TGC AGC TAC CTG CCT GAA 
Ser Thr Val Gin Ala Ser Met Glu Arg Leu Cys Ser Tyr Leu Pro Glu 

245 254 263 272 281 290 

AAA CTG TTC TTG AAA ACC ACC TGC TAT TTA GTC ATT GAC AAG TTT GGA 
Lys Leu Phe Leu Lys Thr Thr Cys Tyr Leu Val He Asp Lys Phe Gly 

299 208 - 317 326 335 

TCA GAC ATC ATA AAA CTG CTT AGC GCA GAT ATG AAT GCT GAT GTG GTA 
Ser Asp He He Lys Leu Leu Ser Ala Asp Met Asn Ala Asp Val Val 

344 353 362 371 380 

TGT CAC ACT CTC GAG TTT TGT AAA CAG AAC ACT GGC CAA CCA TTG TGT 
Cys His Thr Leu Glu Phe Cys Lys Gin Asn Thr Gly Gin Pro Leu Cys 

389 398 407 416 425 434 

CAT CTC TAC CCT CTT CCC AAG GAG ACA TGG AAA TTT ACA CTA CAG AAG 
His Leu Tyr Pro Leu Pro Lys Glu Thr Trp Lys Phe Thr Leu Gin Lys 

443 452 461 470 479 
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587 596 605 614 623 

GAC AAA TAC AGC GTT TTC CCA ACA CTG CGG GGC TAT CAC TGG CGG GGG 
Asp Lys Tyr Ser Val Phe Pro Thr Leu Arg Gly Tyr His Trp Arg Gly 



632 641 650 659 668 

AGA GAC TGT AAT GAC AGC GAC GAG TCA GTG TAC CCA GGT AGA AGG CCG 
Arg Asp Cys Asn Asp Ser Asp Glu Ser Val Tyr Pro Gly Arg Arg Pro 

F/a 4A. 
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677 686 695 704 713 722 

AAC AAC TGG GAT GTC CAT CAG GAT TCA AAC TGT AAT GGC ATT TGG GGT 
Asn Asn Trp Asp Val His Gin Asp Ser Asn Cys Asn Gly He Trp Gly 

731 740 747 758 767 

GTC GAT CCA AAA GAT GGA GTT CCA TAT GAG AAG AAA TTC TGT GAA GGT 
Val Asp Pro Lys Asp Gly Val Pro Tyr Glu Lys Lys Phe Cys Glu Gly 

776 785 794 803 812 

TCA CAG CCC AGG GGA ATC ATT TTG CTG GGA GAC TCA GCT GGG GCT CAT 
Ser Gin Pro Arg Gly He He Leu Leu Gly Asp Ser Ala Gly Ala His 

821 830 839 848 857 866 

TTT CAC ATC TCT CCT GAA TGG ATC ACA GCG TCG CAG ATG TCT TTG AAC 
Phe His He Ser Pro Glu Trp He Thr Ala Ser Gin Het Ser Leu Asn 

875 864 893 902 911 

TCT TTC ATC AAT CTA CCA ACA GCC CTT ACC AAC GAG CTT GAC TGG CCC 
Ser Phe He Asn Leu Pro Thr Ala Leu Thr Asn Glu Leu Asp Trp Pro 

920 929 938 947 956 

CAA CTC TCT GGT GCT ACA GGA TTT CTG GAC TCC ACT GTT GGA ATT AAA 
Gin Leu Ser Gly Ala Thr Gly Phe Leu Asp Ser Thr Val Gly He Lys 

965 974 983 992 1001 1010 

GAA AAA TCT ATT TAC CTT CGC TTA TGG AAA AGA AAC CAC TGT AAT CAC 
Glu Lys Ser He Tyr Leu Arg Leu Trp Lys Arg Asn His Cys Asn His 

1019 1028 1037 1046 1055 

AGG GAC TAC CAG AAT ATT TCA AGA AAT GGT GCA TCT TCC CGA AAC CTG 
Arg Asp Tyr Gin Asn He Ser Arg Asn Gly Ala Ser Ser Arg Asn Leu 

1064 1073 1082 1091 1100 

AAG AAA TTT ATA GAA AGC TTG TCT AGA AAC AAG GTG TTG GAC TAT CCC 
Lys Lys Phe He Glu Ser Leu Ser Arg Asn Lys Val Leu Asp Tyr Pro 

1100 1118 1127 1136 1145 1154 

GCC ATC GTT ATA TAT GCC ATG ATT GGA AAT GAT GTC TGC AGT GGG AAG 
Ala He Val He Tyr Ala Met He Gly Asn Asp Val Cys Ser Gly Lys 

1163 1172 1181 1190 1199 

AGT GAC CCA GTC CCA GCC ATG ACC ACT CCT GAG AAA CTC TAC TCC AAC 
Ser Asp Pro Val Pro Ala Met Thr Thr Pro Glu Lys Leu Tyr Ser Asn 

1208 1217 1226 1235 1244 

GTC ATG CAG ACT CTG AAG CAT CTA AAT TCC CAC CTG CCC AAT GGA TCC 
Val Met Gin Thr Leu Lys His Leu Asn Ser His Leu Pro Asn Gly Ser 

1254 1262 1271 1260 1289 1298 

CAT GTT ATT TTG TAT GGC TTA CCA GAT GGA ACC TTT CTC TGG GAT AAT 
His Val He Leu Tyr Gly Leu Pro Asp Gly Thr Phe Leu Trp Asp Asn 

1307 1316 1325 1334 1343 

TTG CAC AAC AGA TAT CAT CCT CTC GGC CAG CTA AAT AAA GAC ATG ACC 
Leu His Asn Arg Tyr His Pro Leu Gly Gin Leu Asn Lys Asp Met Thr 

FIG. 4B. 
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1352 1361 1370 1379 1388 

TAT GCG CAG TTG TAC TCC TTC CTG AAC TGC CTC CAG GTC AGC CCC TGC 

Tyr Ala Gin Leu Tyr Ser Phe Leu Asn Cys Leu Gin Val Ser Pro Cys 

1398 1406 1415 1424 1433 1442 

CAC GGC TGG ATG TCT TCC AAC AAG ACG TTG CGG ACT CTC ACT TCA GAG 
His Gly Trp Met Ser Ser Asn Lys Thr Leu Arg Thr Leu Thr Ser Glu 

1451 1460 1469 1478 1487 

AGA GCA GAG CAA CTC TCC AAC ACA CTG AAA AAA ATT GCA GCC AGT GAG 
Arg Ala Glu Gin Leu Ser Asn Thr Leu Lys Lys He Ala Ala Ser Glu 

1496 1505 1514 1523 1532 

AAA TTT ACA AAC TTC AAT CTT TTC TAC ATG GAT TTT GCC TTC CAT GAA 
Lys Phe Thr Asn Phe Asn Leu Phe Tyr Net Asp Phe Ala Phe His Glu 

1542 1550 1589 1568 1577 1586 

ATC ATA CAG GAG TGG CAG AAG AGA GGC GGA CAG CCC TGG CAG CTC ATC 
He He Gin Glu Trp Gin Lys Arg Gly Gly Gin Pro Trp Gin Leu He 

1595 1604 1613 1622 1631 

GAG CCC GTG GAT GGA TTC CAC CCC AAC GAG GTG GCT TTG CTG TTG TTG 
Glu Pro Val Asp Gly Phe His Pro Asn Glu Val Ala Leu Leu Leu Leu 

1640 1649 If 58 1667 1676 

GCG GAT CAT TTC TGG AAA AAG GTG CAG CTC CAG TGG CCC CAA ATC CTG 
Ala Asp His Phe Trp Lys Lys Val Gin Leu Gin Trp Pro Gin He Leu 

1686 1694 1703 1712 1721 1730 

GGA AAG GAG AAT CCG TTC AAC CCC CAG ATT AAA CAG GTG TTT GGA GAC 
Gly Lys Glu Asn Pro Phe Asn Pro Gin lie Lys Gin Val Phe Gly Asp 

1739 1748 1757 

CAA GGC GGG CAC TGAGAATTCG TCGAC 
Gin Gly Gly His 
575 
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